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Pulmonary function test as perceived by five year old Anton v. d. Berkmortel, 
Deurne February 1988. 
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1. De resultaten van dit en ander recent onderzoek ondersteunen een 
verlaging van de huidige Nederlandse grenswaarden voor ozon en zwevend 
stof (Dit proefschrift). 
2. In de analyse van onderzoek, waarin de longfunctie herhaald met 
spirometrie is bepaald, dient expliciet aandacht aan het optreden van 
leereffecten te worden geschonken (Dit proefschrlft). 
3. In protocollen voor spirometrie dienen kwantitatieve criteria met 
betrekking tot de reproduceerbaarheid van de Peak Flow te worden 
opgenomen (Krowka MJ et al. Am Rev Respir Dis 1987;136:829-33; dit 
proefschrift). 
4. Het gebruik van de Pearson correlatie coefficient voor de analyse van 
de associatie tussen tijdreeksen van ziekenhuisopnamen en 
luchtverontreiniging in de onderzoeken van POnka (Arch Environ Health 
1991;46:262-70) en Bates et al. (Environ Res 1987;43:317-31) is 
onjuist. 
Vermoedelijk zal het Nederlandse beleid inzake de vermlndering van 
emissies van verzurende stoffen het zuurgehalte van de lucht doen 
toenemen. 
6. De stelling, dat observationele epidemiologische studies slechts 
aanwijzingen voor causaliteit kunnen geven en dat experimenten 
bewijskracht hebben, is filosofisch niet houdbaar. 
Bij het uitvoeren van meerdere statistische toetsen verdient het 
kritisch beschouwen van elke associatie op zich de voorkeur boven het 
toepassen van "multiple comparison procedures", waarbij de 
onbetrouwbaarheidsdrempel wordt verlaagd (Rothman KJ. Epidemiology 
1990;1:43-6). 
Het poneren van een Indiaanse filosofie ten opzichte van de natuur als 
alternatief voor de Westerse houding berust op een idealisering van 
het verleden (Lemaire T. De Indiaanse houding tegenover de natuur. In 
: Achterberg W, Zweers W. Milieucrisis en filosofie. Ekologische 
Uitgeverij 1984). 
De benadering van kinderen in de atletiek zou een voorbeeld moeten 
zijn voor sporten als turnen en zwemmen. 
10. Bij een legalisering van het dopinggebruik in de sport lijkt het beter 
de prijzen uit te reiken aan de behandelend arts. 
Stellingen behorende bij het proefschrift 
Acute effects of ambient air pollution episodes 
on respiratory health of children 
Gerard Hoek 
Wageningen, 14 September 1992 
Voor mljn ouders 
ABSTRACT 
ACUTE EFFECTS OF AMBIENT AIR POLLUTION EPISODES ON 
RESPIRATORY HEALTH OF CHILDREN 
Thesis, departments of Epidemiology and public health, and Air pollution, 
Agricultural University Wageningen, The Netherlands, September 14 1992 
Gerard Hoek 
In this thesis the acute effects of air pollution episodes on 
respiratory health of seven to eleven year old children living in non-urban 
communities in the Netherlands are discussed. Repeated measurements of 
pulmonary function (spirometry) and the occurrence of acute respiratory 
symptoms using a daily diary, were conducted to detect health effects. 
Exposure to air pollution was characterized by the ambient concentration 
of several pollutants, including ozone, PMl0 and acid aerosol, measured 
at fixed sites. Data were collected for a period of three and a half year, 
including two summer and three winter periods, from 1851 children. 
In the summer of 1989 several photochemical episodes occurred with 
one hour maximum ozone concentrations between 160 and 240 /ig/m3. During 
these episodes small decrements of pulmonary function persisting for at 
least one day were found. No evidence of increased respiratory symptoms 
was found during these episodes. No major winter air pollution episode 
occurred, but significant associations of pulmonary function with the 
concentration of particles smaller than 10 /im (PM10) were found. These 
associations were not explained by exposure to acid aerosol, because 
concentration levels of acid aerosol were low during both the winter and 
the summer periods. For the general population samples of children, 
respiratory symptom prevalence was not associated with air pollution levels. 
For a panel of children with chronic respiratory symptoms, prevalence of 
wheeze and bronchodilator use was associated with the PM10 concentration. 
For all study populations differences in pulmonary function response between 
individual children were found. However, determined characteristics of 
the children (age, gender, presence of chronic respiratory symptoms) did 
not explain the magnitude of the response to air pollution. 
The findings of the present study in combination with other recent 
studies support a revision of present guidelines for ozone and particulate 
matter. 
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CHAPTER 1 
INTRODUCTION 
1. L Background of the study 
Effects of polluted air on human health are not only problems of modern, 
industrialized societies. Probably, the smoke from fires in huts was asso-
ciated with health effects, such as anthracosis (a lung disease caused 
by coal dust) and sinusitis (1). The famous writer Seneca was frequently 
advised by his physician to leave ancient Rome, in order to relieve his 
illness (1) . For the city of London, the air pollution problem was primarily 
related to the use of coal as a fuel (1). Concern about health effects, 
mainly related to the (sulfurous) smoke, arose as early as the beginning 
of the 13th century. In those days mainly small scale industries were im-
portant sources of smoke. With the growth of the city, combustion of coal 
for domestic heating became an important but long unrecognized source of 
pollution as well. From the 17-th century increased weekly mortality was 
observed during fogs , which suggested air pollution effects . In the Nether-
lands complaints about nuisance from smoke emitted from the combustion 
of coal by local breweries in Haarlem, resulted in the prohibition of coal 
use by these breweries by the local administration in 1608 (2) . No systematic 
air pollution measurements were made at that time, so the concentration 
levels to which people were exposed are unknown. 
Effects of air pollution may be caused by long term (chronic) exposure 
to relatively low levels and by short term (acute) exposure to high levels 
of air pollution (3,4). The health effects of air pollution may be chronic 
or acute (3,4). Exposure to high air pollution concentrations in ambient 
air may result from (industrial) incidents resulting in the release of 
large quantities of air pollutants. Recent examples of incidents include 
Seveso, Italy, Bhopal, India and Tsjernobyl, USSR. A more common cause 
of high air pollution concentrations in ambient air is the occurrence of 
weather conditions unfavorable for the dispersion of air pollutants released 
from continuous sources such as motorized traffic, industrial sources and 
domestic heating. A period of high air pollution concentrations resulting 
from adverse weather conditions generally persists for some days. Such 
a period is often described as an air pollution episode. Air pollution 
episodes may occur both in winter and in summer. The air pollution mix 
in these two types of episodes is different. In the summer high concentrations 
of photochemical pollutants such as ozone occur. In the winter pollution 
caused by increased fossil fuel use due to the usually cold weather during 
episodes is important. In this thesis acute health effects of weather related 
air pollution episodes in the Netherlands have been evaluated. 
Acute health effects of air pollutants have been evaluated with differ-
ent study designs, such as epidemiological studies, human controlled exposure 
studies and animal controlled exposure studies (5,6) . Epidemiological studies 
performed after the severe winter air pollution episodes in the Meuse Valley 
in Belgium in 1930, Donora-Webster, PA in the USA in 1948 and London, UK 
in 1952, left little doubt that high air pollution concentrations caused 
severe health effects including increased mortality (7-9) . Due to decreased 
emissions of the pollutants that were thought to be causes of the observed 
health effects (sulfur dioxide, particulate matter or smoke and possibly 
sulfuric acid) and the building of tall stacks, these high concentrations 
of winter time pollutants do not occur anymore in Western Europe and the 
USA. The health effects of present day air pollution episodes are less 
clear (4,10). 
Following the severe episodes, a large number of epidemiological and 
controlled exposure studies of acute health effects of air pollutants has 
been conducted. Several studies conducted in Great Britain in the 1950's 
and 1960's have had the largest impact on the formulation of quantitative 
guidelines for the quality of the air in order to protect human health 
(11,12). Lippmann and Lioy even suggested that studies of the last two 
decades have added little information to these studies, primarily because 
of little attention to exposure characterization (13). 
The components that have been of most interest in epidemiological 
and controlled exposure studies of acute health effects of air pollutants 
(evidenced for example by the existence of WHO monographs or air quality 
guidelines) are mainly pollutants released from the combustion of fossil 
fuels. These components include directly emitted (primary) pollutants, 
such as sulfur dioxide, carbon monoxide, and smoke. Other (secondary) pollu-
tants of interest are formed through chemical reactions in the atmosphere 
from emitted precursors . Important secondary pollutants are ozone, nitrogen 
dioxide, nitric acid and fine particles, that may include sulfate, nitrate, 
ammonium and free H+ ions. A discussion of atmospheric processes (formation, 
deposition, chemical transformation) relevant for these pollutants has 
been presented in several papers (14-16). 
Some results of past epidemiological and controlled exposure studies 
of acute effects of air pollution that have been important for the design 
of the present study are summarized here. A detailed description of some 
important studies can be found in chapter two. 
First, probably the most important acute effects of smog episodes 
are effects on the respiratory system (4). In the severe winter episodes 
that occurred in the middle of this century, primarily respiratory effects 
were noted (7-9). 
Second, it is not known what components of the complex mixture during 
winter episodes have caused effects observed in previous epidemiological 
studies. The ambient concentration levels of sulfur dioxide (S02) and airborne 
particles have frequently been used as indicators of the general air quality 
during winter episodes. Different methods of measuring airborne particles 
have been applied (12,13). 
Third, interest in the potential health effects of acid aerosols has 
recently increased particularly in the USA and Canada (17) . Concentrations 
of acid aerosols have been observed in the Northeast of the USA and Canada, 
which may be of health significance (17). An evaluation of health effects 
including non-respiratory effects associated with atmospheric acidity has 
been presented by a WHO working group (18). 
Fourth, for the causation of respiratory effects ozone is probably 
the most important pollutant present in summer (photochemical) episodes. 
In addition, ozone has been considered an indicator for other photochemical 
air pollutants. The health effects of ambient ozone may be potentiated 
by acid aerosol as suggested by epidemiologic studies in the USA and Canada 
(6) . Nearly all epidemiological studies of the health effects of photochemical 
air pollution episodes have been conducted in the USA and Canada (6,12). 
Fifth, high concentration levels of ozone and acid aerosol have been 
observed at some distance from urban areas, because these components are 
secondary pollutants. Moreover, neutralization of acid aerosol by atmospheric 
ammonia and reaction of ozone with nitrogen monoxide in urban areas may 
decrease the concentration levels of acid aerosol and ozone (6,15). 
Sixth, the acute health effects of air pollution are generally non-
specific (4), and the observed associations are generally weak (4,19), 
which complicates the detection of associations. The fact that associations 
are generally weak, does not mean that they are not important, since generally 
large populations are exposed (4). 
The above factors complicate the assessment of the potential health 
effects of air pollution episodes at a specific location using the results 
of epidemiologic studies conducted at different locations or in the past. 
1.2 Air pollution episodes in the Netherlands 
Present day emissions of air pollutants in the Netherlands only have 
a limited influence on peak concentrations observed during air pollution 
episodes. In 1989 the total S02 emission was 249 kton/yr, of which refineries 
(96 kton), industry (58 kton) and power stations (44 kton) were the most 
important sources (20) . In 1989 the N0X emission expressed as N02 was 548 
kton/yr, of which motorized traffic (349 kton), power stations (77 kton) 
and industry (55 kton) were the most important sources (20). The anthropogenic 
emission of volatile organic compounds (VOC) was estimated to be 420 -
460 kton/yr in 1985 (21). The most important sources of VOC were motorized 
traffic (175 - 195 kton) and major industries (110 - 130 kton) (21). The 
ammonia emission in 1988 was estimated to be 248 kton/yr, of which 219 
kton/yr was emitted by livestock farming (20). The ammonia emission per 
square kilometer in the Netherlands is the highest in Europe (20). 
Table 1.1 illustrates the level of peak concentrations of S02 (as 
an indicator of winter episodes) and 03 (as an indicator of summer episodes) 
observed in the 1980' s. Data have been used from rural sites of the National 
Air Quality Monitoring Network (22) in the southeast of the country (Venlo 
for S02; Vredepeel for 03 after 1986 and Afferden before 1986) and in the 
center of the country (Cabauw). 
During winter episodes between 1976 and 1983 extensive fields of high 
concentrations of S02 were observed, reflecting the impact of large source 
areas in West Germany and Eastern Europe (23). Diurnal variation of the 
S02 concentration was relatively small (23). The episodes generally occurred 
during conditions of low temperature, snow cover, ground based temperature 
inversion and thus a stable atmosphere (23). More detailed information 
is available about the recent episodes in January 1985 and January 1987 
(24-26). During these episodes the highest concentrations of S02 occurred 
in the south and east of the country. The impact of sources in eastern 
Europe was estimated to be about 50-70% of the S02 concentration and 80% 
of the aerosol sulfate concentration (24,25) . For the January 1985 episode 
the impact of sources in West Germany was estimated at 30-50%. Dutch sources 
accounted for about 5% of the observed S02 concentrations in January 1985 
(24). During the episodes of 1985 and 1987 daily average concentrations 
of aerosol S042" in excess of 100 ^ g/m3 have been observed. No information 
about the acidity of the aerosol was available. In Petten, a small town 
in the West of the country, an extremely low pH value of fog (1.9) was 
observed (25). In Bilthoven the lowest pH of fog was 3.87 (25). 
Table 1.1 Peak concentrations at a southeast and central site in the Nether-
lands from 1980 - 1990 (April to April) . Data presented are 98-th 
percentile and maximum of daily average S02 and hourly average 



















































































































* S02 data from Steeg for the southeast and Leersum (S02) for the central 
sites due to a change of the network 
f 03 data from Bilthoven the central site 
NA not available 
High concentrations of sulfuric acid (> 50 /jg/m3) during episodes have been 
reported based on measurements in the early 1980's (27). However, these 
values were probably too high, because of analysis problems discussed in 
the EPA report (14). 
It has been estimated that during photochemical episodes only 10% 
of the ozone concentration was due to Dutch sources of N0X and VOC (21,28) . 
European emissions of NOx and VOC have a large impact on the ozone concentra-
tion during episodes (28). Therefore, the spatial variation of the ozone 
concentration during photochemical episodes is limited and mainly determined 
by the NO concentration (27). Thus, ozone concentrations in cities near 
maj or roads are generally lower than rural concentrations. The ozone concen-
tration has a clear diurnal pattern, with the highest concentrations occurring 
during the afternoon and early evening (21,30). The 8 hour maximum ozone 
concentration is not much lower than the 1 hour maximum concentration (30) . 
Due to meteorological and geographical reasons, episodes in summer 
and winter are generally associated with wind directions from south to 
east. 
In large urban areas the impact of Dutch sources, primarily motorized 
traffic, on concentrations of pollutants emitted by motorized traffic during 
episodes is larger than estimated for rural areas (31,32). 
Most epidemiological studies of health effects of air pollution episodes 
in the Netherlands have been performed in the industrialized Rijnmond area, 
which in the past had the highest S02 and smoke concentrations. An epidemio-
logical study in the highly industrialized city of Rotterdam, which is 
the center of the Rijnmond area, has suggested increased hospital admissions 
and possibly mortality during severe fogs in January 1959 and December 
1962 (33). For the winter months of 1962/63 and 1963/64 an association 
between the S02 concentration and mortality, but not hospital admissions 
was found (33) . In the winter of 1966/67 a study among 10 asthmatic children 
living in Rotterdam did not find clear associations between daily pulmonary 
function level and air pollution (34). Comparison of the pulmonary function 
of adults, measured in 1969 and 1972 in industrial Vlaardingen as part 
of a long term longitudinal study, showed an unexpected increase of pulmonary 
function in 1972 compared to 1969. This has been attributed to an acute 
effect of high S02 and smoke concentrations during the 1969 pulmonary function 
test days (35). A panel study among 792 adult women in the Rijnmond area 
was performed during the year 1973 using a daily symptom diary and weekly 
Peak Flow measurements (36) . The performed analyses suggested some associa-
tions of mainly photochemical pollutants with symptoms but not with Peak 
Flow (36). 
Biersteker suggested that symptom complaints in the fall of 1971 in 
the Rijnmond area were probably due to industrial pollutants and not ozone 
or S02 (37). In another paper the author suggested that after taking into 
account the effect of high ambient temperature on daily mortality, no 
independent effect of ozone could be detected (38). 
More recently, small decrements of the pulmonary function of children 
living in rural communities were observed during and after air pollution 
episodes in January 1985 and January 1987 (39,40). In these studies an 
episode pulmonary function test was compared to a baseline test made some 
months before. An analysis of daily mortality rates in the Netherlands 
suggested an association between S02 and daily mortality, particularly in 
the summer months (41). The authors offered several other explanations 
for this observation, including some statistical problems related to the 
time series nature of the data (41). 
1. 3 Goals of the study 
The goals of the study were: 
1. Evaluation of the acute effects of summer and winter air pollution 
episodes on respiratory health of children 
2. Evaluation of differences in respiratory response to summer and winter 
air pollution episodes between children 
3. Evaluation of the role of different air pollutants in the relationship 
between air pollution episodes and respiratory effects 
1.4 Structure of the thesis 
Chapter 1 provides the general introduction of the study. A detailed 
review of health effects associated with air pollution episodes is presented 
in chapter 2. In chapter 3 a general overview of the study design, study 
population, measurement methods, data management and data analysis is given. 
In chapter 4 the concentration levels of particularly acidic air 
pollutants measured during the study are discussed. In chapter 5 a 
methodological issue of the pulmonary function measurements is discussed. 
In the remaining chapters, the association between exposure and effect 
variables are presented. 
The chapters 6, 7 and 8 describe the results of the studies performed 
to evaluate the health effects of summer air pollution episodes. Results 
of the main study, that consisted of measurements in school children during 
usual daily activities during the school year, are described in the chapters 
6 (pulmonary function effects) and 7 (respiratory symptom effects). Chapter 
8 describes the results of an additional investigation, in which children 
during sport activities were studied. 
The chapters 9, 10 and 11 deal with the effects of winter air pollution 
episodes. Results of the main study are described in the chapters 9 (first 
three winters) and 10 (winter 1990/91). Chapter 11 describes the results 
of an additional investigation, in which a sensitive subgroup of children 
was studied. 
Finally, in chapter 12 a discussion of the most important findings, 
potential biases and implications is presented. 
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2.1 Introduction 
Concern about health effects of air pollution was already expressed 
in ancient Rome (1). The famous writer Seneca was frequently advised by 
his physician to leave Rome, in order to relieve his illness (1). From 
the 13th century on air pollution primarily caused by the combustion of 
coal in London was suspected to adversely affect human health (1,2). 
Observations of the variation in weekly mortality in London from the 17th 
century on suggested that during severe fogs mortality increased (1). During 
these fogs concentrations of smoke were probably very high (1). 
In this century the observation of increased mortality and morbidity 
during the winter air pollution episodes in 1930 in the Belgian Meuse Valley 
(3,4) , in 1948 in Donora-Webster, PA (5) and in 1952 in London (6) , clearly 
demonstrated the severe effects of high concentrations of air pollution. 
The episodes generated much public concern, which stimulated both air pollu-
tion legislation, application of emission reduction technology and numerous 
investigations of the health effects of air pollutants. 
Due to the use of less polluting fossil fuels (natural gas instead 
of coal), application of emission reduction technology and the building 
of tall stacks, these very high concentrations do not occur anymore in 
Western Europe and Northern America (7). Present day high air pollution 
concentrations have been reported from Eastern Europe and developing countries 
(8,9) . Nevertheless, health effects of present day air pollution are still 
a public health concern. The nature of the air pollution problem has changed 
from dramatic health effects in relatively small areas to more moderate 
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effects on a much larger geographic scale (7). One implication of this 
change is that more sophisticated research methods are necessary to detect 
the health effects of present day air pollution. 
In countries with a moderate climate, wintertime and summertime episodes 
can be distinguished (10). The composition of the air pollution mixture 
during these episodes is different. During both types of episodes high 
concentrations of air pollution occur due to meteorological conditions, 
particularly limited atmospheric dispersion of emitted pollutants. Because 
of persistence of weather conditions, episodes typically last a few days 
to about a week. 
Acute health effects of air pollution have been investigated with 
epidemiological studies and by controlled exposure of human subjects and 
animals to test atmospheres in laboratories. The epidemiological design 
offers the advantage of studying the relevant exposure conditions, but 
little control of the magnitude and duration of exposure and other causes 
of morbidity or mortality is possible (11,12). In controlled exposure studies 
these variables can be controlled, but it is not always known whether exposure 
conditions are realistic (11,12). 
The focus of this chapter will be on respiratory effects of large 
scale pollutants observed in epidemiological studies of children. Children 
have been studied extensively in epidemiological studies, because they 
are considered a sensitive subgroup of the population. Although there is 
little direct evidence for a higher sensitivity of children, several factors 
suggest the possibility. This includes their relatively high physical activity 
(thus high inhaled pollution doses), higher airway responsiveness to broncho-
constricting agents compared to adults (13) and less awareness of mild 
symptoms (14). Other advantages of studying children include the lack of 
confounding by active smoking and occupational exposures. 
2.2 Winter air pollution episodes 
In winter, air pollution episodes generally occur during conditions 
of a low mixing layer, a stable atmosphere and low wind speed. The concen-
tration levels of a wide range of air pollutants increase during episodes. 
Components that have been considered of potential health relevance include 
sulfur dioxide (S02) , nitrogen dioxide (N02), carbon monoxide (CO), suspended 
particulate matter and the aerosol components sulfuric acid, sulfate and 
nitrate (7). In addition to meteorological conditions, the magnitude of 
the emission from sources and the particular geography determine the magnitude 
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of the concentration of these components at a specific site. In most epide-
miological studies the concentrations of S02 and particulate matter have 
been used as indicators of the general air quality during episodes (7). 
The concentration of particulate matter has been characterized by different 
methods, such as Black Smoke and Total Suspended Particulate (TSP) (7). 
Recently, interest in the health effects of acid aerosols has increased, 
particularly in the USA (15,16) . The concentration of acid aerosol depends 
to a large extent on the concentration of gaseous ammonia, which is the 
most important neutralizing agent (15-17) . In general winter time episodes 
are associated with low ambient temperatures and foggy weather, as illustrated 
by the use of the term "smog", which is a combination of the words smoke 
and fog. 
Because humans spend a considerable amount of their time indoors, 
exposure to winter smog will to a large extent be determined by indoor 
concentrations. For S02, acid aerosols, sulfate and nitrate, indoor con-
centrations are generally less than outdoor concentrations (15,18). The 
indoor/outdoor concentration ratio depends upon the ventilation of the 
building and the reactivity of the pollutant. For N02, CO and suspended 
particles indoor concentrations may exceed outdoor concentrations when 
sources (such as smoking) are present in the indoor environment (18,19). 
Direct evidence of the impact of an ambient air pollution episode on indoor 
air quality was obtained during an episode in January 1985 with increased 
outdoor concentrations of S02, particulate matter and N02 (20). Weekly average 
indoor N02 and particulate matter concentrations in living rooms were con-
siderably higher compared to weeks with much lower ambient air pollution 
(20) . The increase was observed both in homes with and without indoor sources 
of these pollutants. 
2.2.1 Epidemiological studies 
Two general types of epidemiological designs of studying acute effects 
of air pollution can be distinguished. First, several studies compared 
mortality or morbidity rates during an air pollution episode with the rates 
during a control period with lower air pollution concentrations. An example 
of this study type is the comparison of the weekly mortality rate during 
the severe winter smog episode that occurred in London in December 1952 
with the mortality in the preceding weeks (6). The study showed an excess 
of about 4000 deaths in the week of and the weeks following the episode 
(6) . In the second design patterns in a time series of mortality or morbidity 
are compared to patterns in the concentration of an air pollutant. A classical 
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example of the second type is the series of studies that were conducted 
in the 1950's and 1960's with panels of bronchitic patients in England, 
as a response to the severe smog in December 1952 (21) . In these studies 
the patients kept a diary in which they noted on a daily basis whether 
their respiratory condition was better, the same or worse than yesterday 
(21). The investigators analyzed these data collected during at least a 
full winter season, by examining the simultaneous occurrence of peaks in 
the graphs of the concentration of S02 or Black Smoke and the percentage 
of patients that reported to be worse than yesterday (21). 
2.2.1.1 Effects on mortality 
The episodes in the Belgian Meuse Valley in December 1930 (3,4), Donora-
Webster, PA in October 1948 (5) and London in December 1952 (6) demonstrated 
that very high concentrations of winter time air pollutants increased mortali-
ty. The number of excess deaths was 60 in the Belgian Meuse Valley, 18 
in Donora-Webster and approximately 4000 in London (3-6). In London the 
most striking increases during the episode and the week after the episode, 
were observed for deaths reported due to cardiovascular disease and particu-
larly bronchitis (6). Maximum daily average concentrations of Black Smoke 
and S02 during the episode in London were 4.5 and 3.5 mg/m3. Although in 
all three episodes, previously healthy persons experienced symptoms, the 
effects were more severe and more frequent among the elderly and among 
subjects with pre-existing respiratory or cardio-vascular disease (3-6). 
In the small communities of Donora and the Meuse Valley no deaths of children 
were observed (3-5). In London mortality increased in all age categories, 
including children (6). However, the absolute number of excess deaths was 
small in the four age categories below 45 yrs. Although air pollution data 
were available for London only, all Committees that investigated the effects 
of these three episodes suggested that the most likely cause of the effects 
was sulfur dioxide, sulfuric acid or/and particulate matter (3-6). Mortality 
associated with smog episodes has also been reported in some older studies 
conducted in a number of other urban areas, including New York City. 
Conflicting reports regarding the effect of other risk factors such as 
low ambient temperature and influenza on the association between air pollution 
and mortality, complicate the interpretation of these studies (22,23). 
After the severe episode of December 1952 mortality effects of a number 
of less severe episodes have been studied in London. Using simple graphical 
techniques, mortality increases could be observed when the S02 and the Black 
Smoke concentration simultaneously exceeded 750 /ig/m3 (24) . At the end of 
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the I960' s no clear increases of mortality with the much lower air pollution 
levels could be observed anymore with graphical comparisons (25) . Mortality 
increases were associated with cold weather and influenza epidemics (25). 
Using mainly the information collected in the London studies, a working 
group of WHO concluded that the lowest observed effect level (LOEL) for 
mortality effects associated with simultaneous exposure to S02 and black 
smoke was a daily average concentration of 500 /Jg/m3 of both pollutants 
(7) . Recent reanalyses of the London winter data, using time series analysis 
methods, have suggested that an association between S02 and Black Smoke 
with mortality can be observed at concentrations below 500 Mg/m3 as a daily 
mean (26,27). In fact the reanalysis does not support the presence of a 
threshold below which no effects occur (26,27). This was also suggested 
by a simple tabulation of the data (22). 
In spite of the considerably lower concentration levels of the indicator 
pollutants, studies conducted at different locations have suggested that 
increased mortality may still occur at present day air pollution levels 
(28-35) . In table 2.1a summary of these studies is presented. Daily cause-
specific mortality rates from 1973 to 1980 in the city of Phildadelphia, 
Pennsylvania were collected and compared to concentrations levels of TSP 
and S02 (32). Using Poisson regression analysis, a significant association 
between the concentration of both pollutants and mortality for all causes 
was found. These associations were adjusted for potential confounding by 
long term trends in mortality, seasonal variation and weather conditions. 
When S02 and TSP were entered in a multiple regression model simultaneously, 
no independent effect of S02 was found. There was no indication of a 
threshold, below which no increased risk was found (32). The authors estimated 
a 7% increase of daily mortality for an increase of 100 /ug/ni3 of TSP. 
Significant associations were also found for mortality due to cardiovascular 
disease, chronic obstructive pulmonary disease and pneumonia (32). 
2.2.1.2 Effects on morbidity 
Following the severe London 1952 episode, a long series of studies 
has been initiated in which the respiratory condition of bronchitic patients 
living in London and some other British cities (Manchester, Sheffield) 
has been compared with the concentration of S02 and Black Smoke of the same 
day or preceding days (21) . The authors concluded that when the concentration 
of S02 and Black Smoke exceeded 500 fig/m3 and 250 ^ g/m3 respectively, the 
condition of the patients got worse (21). Based on mainly these data WHO 
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considered 250 /xg/m3 of both S02 and Black Smoke as the lowest observed 
effect level for morbidity effects (7). 
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Several recent studies suggested that associations with morbidity 
can still be observed with present day air pollution concentration levels 
(36-57). In some of these studies concentration levels were lower than 
the WHO recommendations. In table 2.2 a summary of these studies is provided. 
Increases in hospital admissions or emergency room visits with increasing 
air pollution that have recently been reported included COPD admissions 
from Barcelona (36), asthma/bronchitis admissions in Utah Valley (37) and 
pseudocroup admissions in five German communities (38). In contrast, studies 
performed in Steubenville, OH and New York did not report clear associations 
between the indicator pollutants and emergency room visits for respiratory 
conditions (39,40). In Steubenville the maximum daily average concentrations 
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were 696 and 369 Mg/n>3 for TSP and S02 respectively (39). In the New York 
study on 1.6% of the days the maximum hourly average concentration of S02 
was above 1300 /^ g/m3 (40). 
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In addition to the above studies that analyzed routinely collected 
morbidity data, several studies have measured potential responses in a 
selected population. During the January, 1985 episode a group mean decrement 
of 3-5% in pulmonary function was observed in 62 children six to eleven 
years old (41). After 2.5 weeks a smaller decrement in pulmonary function 
was still found. Daily average S02 and TSP concentrations were between 200 
and 250 /ig/m3 during the episode. Small transient decrements of pulmonary 
function persisting for some weeks, were also observed at higher concentra-
tions in Steubenville, OH (42). Several recent panel studies have been 
published, in which daily Peak Flow measurements were conducted by the 
participants in their own homes in addition to daily symptom reporting 
in a diary. Three studies have suggested that moderate increases in PM10 
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concentration level (slightly above the current short term air quality 
standard of the USA, being 150 /jg/m3), were associated with increased broncho-
dilator use (43,50), increased respiratory symptoms (43,44,50) and decreased 
Peak Flow (43,44,50). Several studies performed at similar or sometimes 
higher concentrations of the measured indicator pollutants did not find 
significant associations of indicator pollutant concentrations with symptoms 
or Peak Flow (45) or only inconsistent associations (46-49). 
In conclusion, associations of indicator pollutant concentrations 
with several health endpoints, including mortality, hospital admissions, 
subjective symptom reporting and pulmonary function have recently been 
reported at concentration levels near of sometimes below current guidelines. 
Although some studies are difficult to interpret because of problems in 
the statistical analysis, the fact that associations are found at different 
locations with different study designs, suggests that it is unlikely that 
all of these associations are merely due to confounding. Explanations for 
these findings include the use of more sophisticated statistical methods 
(time series analyses) and the use of better exposure estimates for particu-
late matter (PM10) . Due to changes in air pollution sources, the composition 
of current air pollution mixtures differs from episodes occurring several 
decades ago. It is possible that the concentration levels of indicator 
pollutants such as S02 and Black Smoke have a different relationship to 
the health risks of the mixture than in the past. 
2.2.2 Controlled exposure studies 
A considerable number of controlled exposure studies have evaluated 
respiratory responses of human volunteers to sulfur dioxide and nitrogen 
dioxide (58). Pulmonary function decrements after exposure to these components 
have generally not been observed at the concentration levels at which epi-
demiological studies have reported health effects (7,58). 
Controlled exposure of exercising asthmatics to S02 has resulted in 
quickly reversible bronchoconstriction with mainly lower respiratory symptoms 
from concentrations of 1000 /Jg/m3 (7). Effects have been found at lower 
concentrations, but these effects are less consistent and not necessarily 
adverse (7). Exposures at rest resulted in much smaller responses (59-61). 
Exposure to S02 concentrations of 2600 Jig/m3 of healthy subjects did not 
result in clear respiratory responses (62). Several studies have documented 
a dose-response relationship, even when the changes at the lowest concentra-
tion were not statistically significant (7,59-61). 
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Controlled exposure studies have documented that acid sulfate components 
are more irritating than non-acidic sulfates (15,63). Exposure to 1000 fig/m3 
non-acidic sulfate, well in excess of ambient concentration levels, did 
not result in a pulmonary function response in asthmatics (63) . Controlled 
exposure of exercising adolescent asthmatics to near ambient concentrations 
of sulfuric acid has resulted in small quickly reversible decrements of 
pulmonary function in two studies (64,65). Two other studies did not find 
pulmonary function decrements of asthmatics after exposure to 100 /ig/m3 
(63) and 127 /ig/ra3 (66) . Utell did observe a pulmonary function change after 
exposure to 450 Mg/m3 (63). Spengler (67) has calculated that the inhaled 
dose in the Koenig-study (64) was similar to the exposure of 450 /ig/m3 in 
the Utell-study (63). Other health effects observed due to exposure to 
sulfuric acid aerosol include decreased clearance and increased airway 
reactivity (68). 
Two studies that involved controlled exposure to aerosol nitrate well 
in excess of ambient levels, did not demonstrate respiratory responses 
in asthmatic and normal subjects (69,70). 
An explanation for the discrepancy between the results of epidemiologi-
cal and controlled exposure studies with single pollutants is the possibility 
of interaction between the pollutants of the complex episode air pollution 
mixture. One of the early suggested interactions was that between suspended 
particulate matter and S02 (5) . Exposure of guinea pigs to 1 mg/m3 droplet 
NaCl aerosol at high relative humidity combined with 2600 /ig/m3 S02 produced 
an increase of pulmonary resistance, while the exposures to S02 and NaCl-
aerosol separately did not (71) . The hypothesized mechanism for the inter-
action was absorption of S02 in the aerosol droplets, causing increased 
penetration into the lower airways. However, exposure to the same mixture 
resulted in small respiratory responses similar to S02 alone in eight healthy 
and eight allergic adolescents (72). Another study did not demonstrate 
a respiratory response after a two hour exposure of 20 healthy adults to 
a mixture of 1300 jug/m3 S02, 940 fig/m3 N02> 330 /Jg/m3 NaCl and 26 /Jg/m3 zinc 
ammonium sulfate (73). 
Another explanation of the different findings of epidemiological and 
controlled exposure studies, might be that most controlled exposures have 
been performed at room temperature, whereas winter episodes are generally 
associated with low ambient temperatures. Two studies observed stronger 
pulmonary function decrements when exposure took place in cold or cold, 
dry air (74,75). Two other studies did not demonstrate significant differences 
between the response at low and room temperature (76,77). 
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2.3 Summer air pollution episodes 
Summer air pollution episodes generally occur during warm, sunny weather 
with low wind speeds and a stable atmosphere. From the precursor pollutants 
volatile organic compounds and nitrogen oxides, a number of secondary pollu-
tants are formed through a complex chain of reactions, involving solar 
radiation (11) . With respect to human health effects ozone (03) is probably 
the most important component formed during these photochemical reactions. 
Other potentially important air pollutants which are formed during these 
processes include gaseous nitric acid (HN03) , peroxy-acetyl nitrate (PAN), 
aerosol nitrate, N02 and aldehydes (7) . In regions with high sulfur dioxide 
emissions, enhanced photochemical transformation of gaseous sulfur dioxide 
(S02) into sulfuric acid aerosol (H2S0A) may result in high concentration 
levels of acid aerosols (15-17) . Depending upon primarily the concentration 
of gaseous ammonia (NH3) , sulfuric acid is partly or fully neutralized (15-
17). 
Very high ozone concentrations have been observed in Los Angeles (11,78) 
and recently in Mexico City (8), as a result of high precursor emissions 
from motorized traffic, a hot climate and topography. Because both ozone 
and acid aerosols are secondary pollutants, high concentrations have been 
measured at some distance downwind from the sources (17,79). At non-urban 
locations high ozone concentrations may occur from noon well into the early 
evening (11,79,80). This broad peak and the occurrence of photochemical 
episodes during warm, sunny weather increase the likelihood that many people 
are actually exposed to high ozone concentrations, because of engagement 
in outdoor activities. Because of its high reactivity and the lack of indoor 
sources, indoor concentrations of ozone are generally lower than ambient 
concentrations (79,80). The indoor-outdoor concentration ratio has been 
reported to vary between 0. 2 and 0.8, depending particularly on the ventila-
tion level of the building (81). 
2.3.1 Epidemiological studies 
Early studies of the health effects of summer type smog were conducted 
in the Los Angeles area. In the fall of 1956 the occurrence of asthmatic 
attacks in a panel of 137 asthmatic patients was compared to the oxidant 
concentration (82). The mean number of patients reporting an attack was 
larger on days with an oxidant concentration higher than 500 /ig/m3 compared 
to days below 500 /ig/m3. The correlation between the number of attacks and 
the oxidant concentration was reported to be low (82). Eye irritation was 
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found to be associated with the oxidant concentration in studies conducted 
in the early 1960's (23,83). Effects of oxidant air pollution on exercising 
young adults were evaluated by comparing the running times of cross country 
track athletes in 21 competitive meets between 1959 and 1964 with the pre-
vailing oxidant concentration (84). The percentage of athletes that was 
unable to improve their running time compared to the previous meet, was 
highly correlated (r - 0.88) with the oxidant concentration during the 
race (84). The authors reported that running times were not associated 
with ambient temperature and humidity (84). School absence rates from two 
schools in Los Angeles were not associated with the oxidant concentration 
of the same day and the previous day (85). From October 1961 to June 1964 
student nurses from two hospitals in Los Angeles kept a daily symptom diary. 
Symptom reporting was associated with the oxidant concentration in the 
original analysis (83). In recent reanalyses of these data, using time 
series analysis methods, the oxidant concentration was related to eye irri-
tation, cough (86) and chest discomfort (87). In table 2.3 a summary of 
typical summer episode studies is given. 
In the 1980's a series of studies has been conducted that evaluated 
pulmonary function responses of children engaged in summer camps in rural 
areas in the USA and Canada to transported photochemical air pollution 
(11,80,88,89-94). Summer camp studies have proved to be a useful epidemiologi-
cal study design, because children are physically active and outdoors a 
large part of the day (11) . Therefore, exposure can be estimated by outdoor 
concentration measurements. Moreover, these children are among the most 
heavily exposed population groups. Collectively, these studies have shown 
decrements of pulmonary function associated with ozone concentrations slightly 
above or even below 240 jug/™3 (11,80,88). The occurrence of acute respiratory 
symptoms in the children has usually not been determined or systematically 
reported. 
In spite of probably lower exposures to ozone and less accurate exposure 
characterization, several studies have documented associations between 
ambient ozone concentrations and pulmonary function of children during 
their normal daily activities (8,95-98). These studies include a study 
in Mexico City with hourly average ozone concentrations frequently in excess 
of 300 /Jg/m3 (8) and four studies with ozone concentrations below 240 /Jg/m3 
in Tucson, AZ, Kingston, TN and three rural communities in the Netherlands 
(95-98). In these studies evidence of persistence of the acute effects 
for at least 24 hour has been obtained. 
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Table 2.3 Results of epidemiological studies of health effects of summer 
air pollution episodes 
Location 
Los Angeles, California 






1974 - 1984 
Fairview Lake, New 
Jersey 
1988 

































Athletic performance of cross 
country runners negatively 
correlated with oxidant 
Decrements in pulmonary func-
tion of 39 children at a one 
month summer camp 
Hospital admissions associa-
ted with sulfate and ozone 
concentration 
Pulmonary function of 46 
children in a summer camp 
negatively correlated with 
same and previous day ozone 
Pulmonary function of 43 
children in a summer camp 
negatively correlated with 
ozone concentration 
Peak Flow of 14 children in a 
summer camp negatively 
correlated with ozone. 
Increased symptom reports by 
children, but not by the 20 
adult workers 
Pulmonary function of 91 
children in a summer camp 
negatively correlated with 
ozone concentration 
Pulmonary function of 148 
7 to 9 yr old children nega-
tively associated with ozone 
concentration of previous 
days. 
Pulmonary function of 533 7 
to 11 yr old children nega-
tively associated with 
previous day ozone. 
Pulmonary function of 30 
adults exercising outdoors 
for 29 minutes negatively 
associated with ozone 
Comments 
Temperature and humidity 
were not associated with 
performance 
Only PEF significant. 
Persistence of the PEF 
decrement reported 
Calculation of correla-
tion not appropriate. 
Possibly caused by acid 
aerosol 
No correlation with 
aerosol H+ concentrations 
up to 19 /ig/ar1 
No association with 
ambient temperature and 
relative humidity. 
One sided p<0.10 con-
sidered significant. For 
FVC and FEVI0 a more 
significant positive 
correlation. Symptom in-
creases no significance 
test reported. 
Associations remained 
below 160 and 120 fig/m* 
Children with chronic 
phlegm larger response. 
Increased cough or phlegm 
reported by the children. 
Associated with ozone. 
Heterogeneity of response 
found. Children with 
chronic respiratory 
symptoms similar response 
Mean minute ventilation 
79 L/min. Authors con-
clude that ambient co-
factors increased res-













highest hourly maximum concentration of ozone in /ig/m3. Concentration 
reported in ppb transformed to/ig/m3 by multiplication by 2 (7), except 
for Mexico City 
oxidant concentration in ppm (ozone not measured) 
Compared to winter episodes, few studies have documented effects on 
mortality, hospital admissions or emergency room visits (7,11,80). Mortality 
in summer was thought to be mainly related to high temperatures (23,99). 
Recently, a significant association between the concentration of one day 
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lagged oxidant and same day traffic related pollutants (CO, N02 and soot) 
and daily mortality in Los Angeles County was reported (29) . A temperature 
adjusted association was observed for total mortality, mortality from cardio-
vascular causes, but not for respiratory causes (29). Bates and Sizto have 
published a number of papers showing correlations between hospital admissions 
for respiratory diseases and the concentration of ozone and sulfate of 
the previous day (100,101). The authors hypothesized that acid aerosol 
was the causal agent. Although the authors carefully removed seasonal fluctua-
tions, no attention was given to short term autocorrelation of admission 
rates. Preliminary results of a study in Massachusetts, suggested an associa-
tion between the previous day ozone concentration and hospital admissions 
for pneumonia and influenza, in those over 15 yrs only (102). 
Although ozone is probably the most important component of photochemical 
smog for respiratory effects, it is not the only component of importance. 
Eye irritation has been attributed to other components of photochemical 
smog, such as PAN or aldehydes (7,11). Biersteker suggested that the numerous 
complaints about odor, throat and chest irritation in the fall of 1971 
in Rotterdam were probably due to other components than ozone, because 
similar ozone concentrations occurred in other less industrialized parts 
of the country where fewer complaints occurred (103). 
2.3.2 Controlled exposure studies 
A summary of studies of the effects of 2-hour controlled exposure 
of adult subjects to ozone on pulmonary function, has documented that exercise 
strongly increased the response to ozone (104). The pulmonary function 
response during light exercise (minute ventilation below 23 liter/minute) 
was only about half the response during heavy exercise (minute ventilation 
between 44 and 63 liter/minute). 
A number of studies with 6.6 hours of exposure at moderate exercise 
showed an increase of response with increasing exposure duration (105,106) . 
These studies have documented group mean pulmonary function decrements 
of 5-10% and increased symptoms such as shortness of breath, pain upon 
deep inspiration and cough in healthy subjects after exposure to 160, 200 
and 240 /ig/m3 (105,106). These observations are in line with findings from 
laboratory experiments with rats (107). 
Bronchial alveolar and nasal lavage of exercising adults exposed during 
two hours to 800 fig/m3 ozone, documented an inflammatory response in both 
the lower airways and the nose, still present 18 hours post-exposure (108) . 
Adults exposed for 6.6 hours to 160 and 200 /ig/m3 ozone while performing 
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moderate exercise, showed a smaller but significant degree of inflammation 
and cell damage 18 hours post exposure (109). 
The correlation of the percentage pulmonary function decrement observed 
between repeated exposures of the same subject provided evidence of systematic 
differences in response to ozone (110). In three epidemiological studies 
heterogeneity of pulmonary function response was observed, as well (96,111). 
Finally, individual differences in response were documented in a study 
of asthmatic attacks in Los Angeles (112). So far it has not been possible 
to identify reasons for increased responsiveness to ozone. There is little 
evidence from controlled exposure studies that asthmatics or patients with 
chronic obstructive pulmonary disease (COPD) are more susceptible to ozone 
(11,80). Recently, an epidemiological study performed in Mexico-City suggested 
that children with chronic phlegm had a larger response than asymptomatic 
children (8) . A study in Tucson, AZ suggested a larger peak flow decrement 
for children and adults with current doctor diagnosed asthma compared to 
healthy subjects (98). Two other studies found a trend towards less pulmonary 
function response among symptomatic children (95,96). For the assessment 
of the risk of ambient ozone exposures for asthmatic or allergic subjects, 
an important observation was the increased pulmonary function response 
to inhaled ragweed antigen of seven resting adult asthmatics after pre-
exposure to 240 fig/a3 ozone (113). Another study did not show an effect 
of pre-exposure during four hours to 1000 Mg/m3 ozone on the symptom and 
nasal inflammatory response of 12 allergic patients to nasal challenge 
with allergen (114). 
The three controlled exposure studies that were conducted with children, 
showed pulmonary function decrements comparable to the decrements observed 
in adults exposed to similar ozone concentrations, duration and exercise 
level (115-117). However, in contrast to the exposures with adults no symptom 
responses were observed by the children. The authors speculated that this 
might increase children's risk of pulmonary responses to ambient ozone, 
because children would be less likely to decrease their physical activity 
level in the absence of symptoms (115). 
Several authors have suggested that epidemiological studies showed 
larger pulmonary function decrements than observed after 1-2 hour controlled 
exposure to the same ozone concentration (11,80,88). One of several suggested 
explanations is interaction between other pollutants like acid aerosols 
and ozone (11). However, the mean regression slope for FVC on ozone estimated 
from epidemiological studies (88) predicts smaller percentage decrements 
than observed in the 6.6 hours controlled exposure studies (105,106) . Lioy 
has calculated that the inhaled dose in the Mendham summer camp was very 
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similar to the inhaled dose in these 6.6 hours exposures (79) . This suggests 
that cumulative exposure during several hours may explain the differences 
between epidemiological and controlled exposure studies. Cumulative exposure 
can not explain the large response observed in adults exercising during 
about 0.5 hour outdoors (118). 
No interaction of ozone with the concentration of acid aerosol and 
heat stress was found in three studies (90,93,118). No difference in response 
between controlled exposure to Los Angeles air (with probably low levels 
of acid aerosol) and pure ozone of the same concentration was found (119) . 
Studies of interaction between simultaneous exposure to sulfur dioxide 
and ozone have presented mixed results (11). 
2.4 Conclusion 
It is clear that both children and adults have experienced serious 
health effects from ambient air pollution episodes at concentration levels 
that still occur in many places. It is likely that as a result of decreasing 
emissions of sulfur oxides, the S02 and possibly acid aerosol problem will 
diminish in the near future, at least in Europe. Due to increasing numbers 
of motor vehicles, the trend is less clear for traffic related pollution 
and photochemical smog. 
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CHAPTER 3 
STUDY DESIGN AND METHODS 
In this chapter a general overview of the study is presented. In section 
3.1 the selected study design is discussed. Section 3.2 presents a description 
of the study locations, periods and populations. In the sections 3.3 through 
3.6 the methods applied in this study are discussed. 
3.1 Study design 
The main study consisted of measurements performed in 1851 children, 
aged seven through eleven years, selected from 21 different schools during 
a 3.5 year period. The measurements were made during the school year. Succes-
sive samples of children were studied for approximately three consecutive 
months each. To characterize effects on respiratory health, repeated measure-
ments of pulmonary function and the occurrence of acute respiratory symptoms 
were performed. Exposure to air pollution was characterized by the concentra-
tion of S02, N02, 03, HONO, PM10 and the major ions of fine particles (sulfate, 
nitrate, ammonium and H*) in ambient air at fixed sites. Associations between 
exposure and health endpoints were evaluated with statistical methods taking 
into account the repeated measurements design of the study, such as time 
series analysis. 
Performance of repeated measurements within the same individual has 
two advantages over a cross-sectional design. First, each child can be 
considered as its own control and therefore factors such as age and gender 
will not confound observed associations between exposure and effect. Second, 
the design is more efficient because the variation in the effect variable 
is caused by intra individual variation only. For pulmonary function intra 
individual variation is considerably smaller than inter individual variation 
(1). 
There are several advantages of studying children. First, children 
in the age range of this study (seven to eleven) generally do not smoke. 
Second, children in the Netherlands generally do not experience occupational 
exposures. Third, children may be a sensitive subgroup of the population. 
Children are probably more physically active than most adults and thus 
inhaled pollutant doses will be comparatively larger. It has also been 
suggested that airway responsiveness, measured by the pulmonary function 
response to pharmacological agents, is higher in young children (2). Fourth, 
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a study population of sufficient size can easily be selected through the 
schools. 
The choice of performing measurements during the school year, has 
the advantage that a common exposure situation is investigated. Disadvantages 
include the large proportion of time that children spent indoors (3) and 
the low physical activity level during school hours. Exposure characterization 
by ambient concentration measurements is therefore more complicated for 
pollutants with large concentration differences between indoor and outdoor 
air (4,5). An alternative design that has frequently been used in the USA 
and Canada is the summer camp study, in which children are studied who 
are physically active and outdoors a large part of the day (6). 
In addition to the main study, a study of exercising children during 
sport activities was performed in the summer of 1989. In the winter of 
1990/91 a study was performed with a panel of children with chronic respira-
tory symptoms, who are considered a sensitive subgroup of the population. 
3.2 Study periods, locations and populations 
Data collection started in October 1987 and ended in March 1991. 
Measurements were made during two summer periods (1988 and 1989) and four 
winter periods (1987/88, 1988/89, 1989/90 and 1990/91). In the study period, 
children from five different towns have been studied. In table 3.1 the 
study periods and locations are summarized. To increase the likelihood 
of observing an air pollution episode, a long study period with relatively 
few children studied at each point in time, was considered preferable to 
a shorter period with a very large population. Therefore, individual schools 
were included sequentially in the study for approximately three consecutive 
months. 
The minimum population size necessary to detect decrements of pulmonary 
function of 2%, was found to be about 50 children in two earlier episode 
studies performed at our departments (7,8). In order to be able to detect 
pulmonary function changes of 1-2% and potential differences in pulmonary 
function change between individual children, it was decided that at least 
100 children had to be participating in the study at any given time, except 
the summer holidays. 
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Table 3.1 Study periods and population sizes 











27/10/87 - 28/06/88 
30/08/88 - 27/06/89 
25/11/88 - 4/07/89 
14/05/89 - 14/07/89 
17/11/89 - 16/03/90 
16/11/89 - 9/03/90 
25/11/90 - 12/03/91 



































NA not applicable 
CRS chronic respiratory symptoms 
1
 number of schools . Each individual school was included for about three 
consecutive months. 
2
 number of participating children (response rate in parentheses) 
The criteria for selection of a study location were frequency of occur-
rence of episodes in the past, magnitude of concentrations observed during 
episodes in the past, absence of major local sources of air pollution, 
sufficient population size, and location in the vicinity of a background 
site of the National Air Quality Monitoring Network. 
In the first year measurements have been conducted in Deurne, a town 
in the south-east of the country, located approximately 70 kilometers west 
from the Ruhr area, a major source area in Germany. Deurne specifically 
was selected because it is a medium sized non-industrial town in the vicinity 
of the site Vredepeel of the National Air Quality Monitoring Network. At 
the Vredepeel site, a wide range of air pollutants are measured with con-
tinuous monitors by the National Institute of Public Health and Environmental 
Protection (RIVM). A disadvantage of Deurne was its location in an area 
with high ammonia emissions due to intensive livestock farming. At the 
start of the study, it was not clear to what extent aerosol acidity would 
be completely neutralized by ammonia, particularly under winter episode 
conditions with low ambient temperatures and snow cover. 
The results of the measurements of acid aerosol during the first year, 
motivated the selection of an additional site with higher expected concentra-
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tions of acid aerosol for the second year. The measurements in Deurne were 
continued this second year. Enkhuizen, located in the north west of the 
country, was selected as the additional site, because there was no intensive 
live stock farming in the region. Due to its location at the west border 
of a large inland lake, it was expected that relatively high levels of 
aerosol acidity could occur at this site with easterly winds. 
In the third winter children were selected from Venlo, a medium sized 
town in the south-east of the country, in an area without intensive livestock 
farming. A disadvantage was the larger distance to the Vredepeel site of 
the National Air Quality Monitoring Network. In addition, children were 
selected from the inner city of Nijmegen, a city in the east of the country. 
The selection of Nijmegen reflected a growing interest in air pollution 
levels during episodes in inner cities. 
In the fourth winter children were selected from Wageningen and Benne-
kom, two small towns located within five kilometers of each other in the 
east of the country. Next to their location near the eastern border, logistic 
reasons motivated the choice of these towns. 
All children from grades four through seven of the schools were invited 
to participate. Only the children with a signed parental consent letter 
returned to the schools, were included in the study. 
The parents of all participating children were requested to fill in 
a self completion questionnaire. The questionnaire was handed to the children 
during the first pulmonary function test day at the school of the child. 
The questionnaire included the WHO questionnaire for children (9) to collect 
information about chronic respiratory symptoms. Questions about respiratory 
allergy were added. Background information was collected about age, gender 
and social-economic status of the parents. Finally, questions were included 
about sources of indoor air pollution, such as smoking in the home, presence 
of pets, self-perceived dampness of the home and presence of sources of 
combustion gases. The information collected with the questionnaire has 
been used to characterize the study population and to investigate differences 
in response to air pollution in subgroups of the population. 
Little is known about reproducibility and accuracy of questionnaires 
for chronic respiratory symptoms of children (10). In a study of a general 
population sample of 411 children aged six to twelve in Helmond, the reprodu-
cibility of the responses to the chronic respiratory symptom questions 
was tested by administering the same questionnaire twice with a one month 
interval. Reproducibility expressed as Cohen's Kappa, a chance corrected 
measure of agreement between two categorical variables, was good (Kappa 
> 0.60) for questions about shortness of breath, wheeze, attacks of shortness 
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of breath with wheeze and doctor diagnosed asthma (10). Reproducibility 
was poor to moderate for chronic cough and runny nose (10). The calculated 
Kappa values were similar to the values calculated for another general 
population sample of children using the same questionnaire (11). Presence 
of chronic respiratory symptoms in children determined with the WHO 
questionnaire was significantly associated with lower values of FEVi
 0, 
PEF and particularly MMEF, but not FVC (12). The study population used 
for these calculations consisted of the children in Deurne and children 
from a study of the health effects of indoor air pollution (13). 
In table 3.2a characterization of the population participating in 
the main study is presented. 
Table 3.2 Population characteristics of the main study 
Population size 1851 
Response rate 95% 
Number of girls 916 49.5% 
Age (yrs)1 9.4 (1.2) 
Chronic cough2 142 8.3% 
wheeze 214 12.3% 
Shortness of breath 143 8.3% 
Attacks of shortness of breath 138 7.9% 
with wheeze 
Doctor diagnosed asthma 62 3.6% 
Pollen allergy 167 9.7% 
Pet or house dust allergy 109 6.4% 
1
 mean and standard deviation of children's age, calculated in days 
at the start of the study period of the child 
2
 number and percentage of children for whom presence of the chronic 
symptom in the last year was reported in the questionnaire 
Overall, the response rate was high. Reasons for non-response were 
no informed consent letter handed in after one reminder (26 children), 
objections in principle (10 children), presence of chronic respiratory 
symptoms (8 children), other medical conditions (3 children), refusal by 
the child (12 children) and no interest (9 children). For 34 children no 
reason was stated. Except for the children in Deurne, where all schools 
participated in the study, it can not be claimed that the participating 
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children were a random sample from the primary schoolchildren in the towns. 
For example, in Enkhuizen two schools were selected in the new quarters 
of the town. In Nijmegen two schools in the inner city were selected. 
Prevalence of respiratory symptoms was slightly higher than observed 
with the same questionnaire in children living in other regions of the 
Netherlands (13,14). This was mainly caused by higher symptom prevalences 
of the children in Venlo and Nijmegen. 
3.3 Exposure assessment 
Exposure to air pollution was characterized mainly by the concentration 
of several potentially relevant pollutants in ambient air measured at fixed 
sites. The characterization of exposure to ambient air was conducted more 
extensively than in most previous studies, by performing size selective 
sampling of particulate matter (PM10, particles smaller than 10 //m) and 
determination of the concentration of the major ions of fine airborne 
particles. The concentration of acid aerosol (free H+) was an important 
interest at the onset of the study. 
3.3.1 Spatial aspects 
Concentration data of the gases sulfur dioxide, nitrogen dioxide and 
ozone were collected from the nearest background site of the National Air 
Quality Monitoring Network. For the children studied in Deurne, Enkhuizen 
and Venlo data were collected from Vredepeel, Wieringerwerf and Venlo (S02) 
and Vredepeel (N02) , respectively. In Nijmegen we measured S02 and N0X at 
an inner city background site, since these components were not measured 
in the city at a site representative for population exposure. In Wageningen 
a site of the National Air Quality Monitoring Network was present. We measured 
aerosol components at sites in the towns of the children. Sites were selected 
for the purposes of this study, that were not strongly influenced by local 
sources, such as major roads, small scale industries or farms. 
Outdoor sampling was supplemented by sampling of inspirable airborne 
particles and N02 in the schools of the children. Two samples, one of three 
and one of four days, of airborne particles were collected with a filter 
collection method widely used in occupational epidemiology studies (15). 
Weekly average concentrations of N02 were measured with passive diffusion 
tubes in quadruple (16). Finally, questionnaire information about the presence 
of sources of nitrogen dioxide (presence of unvented gas appliances) and 
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airborne particles (smoking) in the homes of the children was obtained. 
Problems that may be associated with using fixed site ambient measure-
ments to characterize personal exposure are exposure to different pollutant 
concentrations indoors and spatial variability of outdoor concentrations 
(17). 
Spatial variability of outdoor air pollution concentrations was mini-
mized by the selection of towns and measurement sites within the town. 
Towns were selected without significant local sources of air pollution, 
such that the air pollution concentrations were mainly determined by long 
range transport. In chapter six it is shown that in the spring and summer 
of 1989 the ozone concentration measured at Vredepeel (southeast of the 
country) had a correlation of 0.82 with that in Bilthoven (central Holland) 
and 0.69 in Wieringerwerf (north-west of the country). In the winter of 
1989/90 the S02 concentration measured in urban Nijmegen showed a correlation 
of 0.90 with the concentration of the nearest rural site of the National 
Air Quality Monitoring Network (Leuth). 
Several recent studies have shown that the outdoor concentration may 
be a poor predictor of personal exposure, because of the large amount of 
time typically spent indoors and the presence of sources indoors (4,17). 
However, this was generally observed in studies in which personal exposure 
of different subjects was correlated with concentrations measured outdoors 
and in the homes of these subjects. In the present study, each child was 
its own control and thus between home concentration differences were not 
relevant. If the indoor concentration follows the variation in outdoor 
concentrations, the outdoor concentration will be a reasonable indicator 
of personal exposure. In an episode in January 1985, the concentrations 
of airborne particles and N02 in living rooms were shown to follow changes 
in outdoor concentration of these pollutants (18). Although, the ratio 
of the indoor/outdoor ozone concentration in office buildings was between 
0.2 and 0.8, changes in the indoor concentration reflected changes in the 
outdoor concentration (19). 
For practical reasons no personal monitoring has been conducted. First, 
personal monitors were not available at the onset of the study for acidic 
pollutants. Second, using personal monitors in an air pollution acute effects 
study is in principle only useful when performed on a daily basis for all 
participants. For a typical population of 100 children studied during 100 
days, 10.000 samples would have to be prepared and analyzed. This was not 
feasible in the framework of this study. 
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3.3.2 Measured components and measurement methods 
An important focus of the air pollution measurements was the 
determination of the concentration of acid aerosol and to some extent acid 
gases. In the past the measurement of acid aerosol has been troubled by 
several biases, such as neutralization by atmospheric ammonia (20,21). 
Collection of aerosol on filters with adequate protection from neutralization 
by ammonia using denuders has been proposed as the most adequate available 
method for the determination of strong aerosol acidity (21). Analysis of 
aerosol acidity may be performed by direct pH measurement or titration 
of the extract of the filter material (21). 
For this study an annular denuder filter pack system (ADS) has been 
used. An advantage of an ADS is that the denuders not only protect the 
collected acid aerosol, but also enable the simultaneous determination 
of a number of other gaseous and particulate pollutants. This is an important 
advantage, because little is known about what components of particularly 
winter episodes are responsible for health effects that have been reported 
in epidemiological studies (22). 
At the Enkhuizen site, a continuous sulfuric acid monitor has been 
operated in addition to the ADS. With this monitor semi-continuous measure-
ments of the concentration of sulfate and sulfuric acid can be conducted 
(23) . A disadvantage is that the monitor does not separate the acidic NH^HSO^ 
from the non-acidic (Nh\)2S04 (23). The level of strong acidity measured 
with the continuous monitor is therefore expected to be lower than levels 
measured with the ADS (20,24). A recent discussion of the chemistry of 
the separation process, suggests that only aerosol acidity in excess of 
a 1:1 molar ratio of H+ to S042" will be detected by the monitor. If the 
molar ratio of H+ to SO^2" is 1.50, an underestimation of 33% of total aerosol 
acidity can be expected (24). When simultaneous denuder measurements are 
available, the magnitude of underestimation can be estimated, which allows 
the calculation of corrected total acidity concentrations (24). A useful 
application of this procedure is the calculation of short term (i.e. 1 hour) 
concentrations. 
In addition to aerosol acidity, the aerosol mass concentration has 
been determined. Airborne particles with a 50% cut off diameter of 10 ftm 
(PM10) have been sampled. PM10 is probably a more health relevant aerosol 
fraction than historically used measures with non-specific size fractionation, 
such as Total Suspended Particulate matter (22). The PM10 fraction is similar 
to the thoracic particle fraction (6). 
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3.3.2.L Denuder measurements of acid aerosol and gases 
The use of denuders in combination with f ilterpacks has enabled separate 
collection of gaseous and particulate pollutants (25). A denuder is a tube 
of which the inner surface selectively absorbs some gaseous components, 
usually because of a specific chemical coating. For sampling of acid gases 
such as HN03, HONO, S02 and HC1 alkaline coatings such as sodium carbonate, 
sodium fluoride and sodium chloride have been used (25). For sampling of 
alkaline gases such as NH3 acidic coatings such as citric acid, oxalic acid 
and phosphoric acid have been used. Under laminar flow conditions, collection 
of gases occurs by molecular diffusion. Since the molecular diffusion of 
gases is much faster than for aerosol components, selective sampling of 
gases is possible. Particles can be collected with a filter pack connected 
after the denuder (25). 
The collection efficiency of a denuder for a specific gas depends 
on diameter and length of the tube and the sample flow rate (25) . Initially 
cylindrical denuders were used, which had a high collection efficiency 
only at low flow rates. Therefore, long sample durations were necessary 
to obtain sufficient quantities of sample. Italian researchers introduced 
the annular denuder, that consists of two concentric tubes, with a small 
interspace (25). Because of the small distance between the walls of the 
inner and outer tube, collection efficiencies are much higher. Several 
reviews of the theory of denuder sampling have recently been published 
(25,26). 
In figure 3.1 the annular denuder system configuration used in this 
study is shown. The configuration and measurement protocol is based on 
a protocol by Waldman (27). A detailed description of sampling, sample 
preparation, sample extraction and chemical analysis is presented in chapter 
4 and the ADS measurement evaluation report (28). The exact laboratory 
procedures were as described in our operation manual (29) . Briefly, ambient 
air was sampled with a flow rate of 4 1/min for a daytime period of 12 
hours (7 am to 7 pm) . Sampling was started and ended with timers. Sampled 
denuders were stored in the dark in the laboratory for at most one week. 
Filter samples were stored in paraf ilm sealed petri dishes in an exsiccator 
containing phosphoric acid in a refrigerator at about 5 °C. After samples 
were extracted, chemical analysis was performed immediately. Denuder tubes 
were extracted with double distilled water and analyzed for nitrate, nitrite 
and ammonium with spectrofotometric methods. The teflon filter was cut 
in two halves. One half was extracted with 0.1 mN HC10A after wetting with 
ethanol and analyzed for H+. The other half was extracted with double 
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Figure 3.1 Annular denuder filter pack system 
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fotometric methods. The nylon filter was extracted with 0.1 N NaOH and 
analyzed for nitrate. All concentrations were corrected for laboratory 
blanks. From every coating batch at least one denuder was stored in the 
laboratory and used as the blank for that batch. Filter blanks were unloaded 
filters that were extracted and analyzed as sampled filters. 
Table 3.3 shows the precision and limits of detection of the components 
that have been measured. Precision of the analyses, expressed as the coeffi-
cient of variation, was determined by duplicate analysis of field sample 
extracts. Field precision was calculated from measurements on 19 different 
days with two collocated samplers. Precision of the sulfate concentration 
measurement was strongly influenced by samples close to the limit of detection 
(LOD). Precision for sulfate was 11% when only samples above three times 
the LOD (limit of quantification) were considered. 
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by 2.88 m3, the volume sampled during 12 hours with a flow rate of 
4 1/min 
figure 3.1 
after reduction of nitrate to nitrite by hydrazine sulfate. NEN 2040 
(Dutch Normalization Institute) describes the determination of nitrite 
in water according to the Saltzman method 
NEN 6472 describes a modified indophenol method 
ref. 30 
Both the limits of detection and the CV values were higher than what 
has been reported for denuder measurements (31). However, precision estimates 
of 10% and higher have been reported by other investigators, as well (32) . 
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Reasons for the relatively high values of the LOD and CV values include 
the low flow rate and the selected methods of analysis. The preferable 
method (ion chromatography) was not available at our laboratory. However, 
given the range of ambient air pollution concentrations, these values were 
considered acceptable for the purposes of this study. As an illustration, 
the ratio of the variance within a day to the variance between the 19 sample 
days with duplicate measurements was calculated. This ratio determines 
the extent to which random error may bias regression coefficients to the 
null, when the concentration measurement is used as an independent variable 
in a regression model with a health endpoint as dependent variable. Only 
for HONO and to some extent HN03 random errors of sampling and analysis 
may cause some bias of estimated regression coefficients. 
In addition to estimation of precision of analysis and field sampling, 
several assumptions of the measurement process have been checked. Some 
important results are briefly summarized here. A detailed description of 
these quality assurance tests has been given in a separate measurement 
evaluation report (28). 
A comparison of the ammonium content of 10 citric acid coated glass 
fibre filters analyzed directly after coating and 10 filters from the same 
coating batch stored during two weeks, showed no neutralization by ammonia 
after two weeks storage. Ammonium contents of the filters were 0.30 (SD 0.03) 
and 0.31 (SD 0.02) /ig/filter, respectively. 
Sample extraction was nearly quantitative, as determined from repeated 
extraction of a denuder or filter sample (range 91.5 to 98.7% for the differ-
ent components from different parts of the ADS). The efficiency of 91.5% 
was calculated for nitrate from the teflon filter, but mainly resulted 
from two low values for both the first and second extraction. 
A comparison of the applied analysis methods with ionchromatography 
operated by the Analytical Laboratory of RIVM, showed a high correlation 
(> 0.93) of analysis results and no systematic differences in absolute 
levels between the respective methods (33). 
Laboratory experiments with nitric acid showed a mean collection 
efficiency of 99%. The estimated recovery was 102% (range 99 - 105%), 
documenting that no inlet losses occurred. Laboratory experiments with 
ammonia showed a mean collection efficiency of 97%. Laboratory experiments 
with nitrogen dioxide, that may cause artifacts on the sodium carbonate 
coated denuders, documented that the amounts of nitrite and nitrate collected 
on three denuders in series of the same system was equal, on average. Equal 
artifact formation on successive denuders, is an assumption in the calculation 
of HONO and HN03 concentrations, since these concentrations are calculated 
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as the amount of nitrite (nitrate) on the first minus the second denuder. 
On average, 0.69% and 0.29% of N0Z was determined as nitrite and nitrate 
on the first denuder. 
Field blanks were equal to laboratory blanks for teflon filter compo-
nents and components from the X- and Y-denuder (Figure 3.1) . For the nylon 
filter and the Z-denuder field blanks were slightly higher than laboratory 
blanks. 
3.3.2.2 Continuous measurements of H2S04 
With the continuous sulfuric acid monitor developed by the Harvard 
School of Public Health (23) semi-continuous measurements of the concentration 
level of fine particle sulfate and sulfuric acid have been conducted. The 
detection of aerosol sulfur (assumed to be present as sulfate) is achieved 
with a Meloy 285E total sulfur analyzer. Before sampled air is led into 
the detector, acid gaseous sulfur components such as sulfur dioxide and 
hydrogen sulfide are removed by a lead oxide denuder. It is estimated that 
particles up to about 2 /im are sampled. The separation of sulfates is based 
on differences in volatility of the different sulfate components. In a 
10 minute cycle the temperature of the air sample is changed to 30 °C, 
120 °C and 300 °C. At 120 °C sulfuric acid will volatilize and be removed 
from the air sample by the lead oxide denuder. The difference in sulfur 
signal from the detection system between 30 °C and 120 °C is used to determine 
the concentration of sulfuric acid. At 300 °C ammonium sulfates evaporate. 
Unfortunately no separation between the nonacidic (NH4)2SOA and the acidic 
NH^HS04 is possible on the basis of evaporation. Total sulfate is determined 
from the difference in the detector signal between sampled air and purified 
air. 
Limits of detection for sulfate are 1 and 0.5 /ig/m3 for 1 hour and 
24 hour averages, respectively. Limits of detection for sulfuric acid are 
2 and 0.5 /ig/m3 for 1 hour and 24 hour averages, respectively (23). 
The system was operated, periodically checked and calibrated according 
to procedures of the Harvard School of Public Health (34). Further details 
are presented in chapter 4 and the measurement report (28). 
3.3.2.3 Measurements of PM10 
The concentration of PM10 has been determined with an instrument based 
upon inertial impaction (35). The instrument has an inlet design which 
is similar to the Sierra Andersen 241 dichotomous sampler. A field comparison 
45 
between our sampler and the dichotomous sampler inlet showed no systematic 
differences and a high correlation (r - 0.93) of collocated measurements. 
Precision was estimated from results of collocated samplers as 5%. The 
limit of detection was estimated as 8 /ig/m3. 
The sampler used in this study did not separate the sample in a fine 
(< 2.5 /im) and coarse fraction (> 2.5 /jm and < 10 /im) . For health related 
sampling it was not considered essential to have a size separation, because 
during episodic conditions in the Netherlands a high percentage of PM10 
mass consists of fine particles (36). In an episode in January 1985, the 
concentration levels of respirable particles was nearly equal to TSP 
concentrations measured with High Volume Samplers (7). 
Schleicher & Schuell TE37 PTFE teflon filters with a pore size of 
1.0 fim were used for sampling. Filters were weighed before and after sampling 
following conditioning for at least 24 hours at a relative humidity of 44%. 
Filters were weighed as soon as possible after sampling had been performed 
to minimize the loss of volatile particulate matter. A maximum of 1 week 
between sampling and weighing may have occurred. 
The sample flow rate was 1 m3/hour. Sample volumes were determined 
with Schlumberger dry gas meters between filter and pump, to prevent problems 
with leaks at the pump. To correct for the pressure drop over the filter 
the pressure difference with ambient pressure was recorded before and after 
sampling. No flow controller was used. Therefore, the pressure drop increased 
and the flow decreased due to clogging of the filter at the highest PM10 
concentrations (particularly in the winter) . This increased the uncertainty 
in the determination of the concentration. However, since sample volumes 
have been determined with gas meters , the sampled volume is known. A problem 
is that the diameter of particles that are sampled with 50% efficiency 
(D50) will increase with lower flow rates. It is estimated that a shift 
of at most 2 ;um occurred. Therefore, data with a relatively large increase 
in pressure drop (up to 0.20 atmosphere) have not been discarded. From 
November 1989, when high concentrations were expected, timers were used 
to turn the sampler on and off every 30 minutes. No large pressure drops 
occurred with this reduced sample volume. 
3.4 Measurement of health effects 
The acute health effects evaluated in this study were primarily effects 
on the respiratory system, because the pollutants of interest, such as 
acid aerosol, nitrogen dioxide, sulfur dioxide and ozone, primarily influence 
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the respiratory system (17,22). Health endpoints in this study were pulmonary 
function and acute respiratory symptoms registered daily in a diary. 
3.4.1 Pulmonary function measurements 
Pulmonary function has been measured by spirometry. Spirometry was 
selected for material and practical reasons. First, respiratory effects 
of the pollutants of interest can be detected with spirometry. For S02 the 
main effect is bronchoconstriction in the larger airways, for 03 restriction 
by inhibition of a full inhalation is probably the main mechanism of respira-
tory effects (22). Second, intra-individual variability of spirometric 
indices is small. Third, due to its relative simplicity spirometry can 
easily be applied outside the laboratory (37) . Fourth, spirometry has been 
used extensively in air pollution epidemiology (17,37). A disadvantage 
of spirometry is that the test results depend on the effort of the subject 
being tested. Therefore, the technician administering the test is very 
important in coaching the subject (37). 
Spirometric tests were performed on a regular basis, independent of 
the expected air pollution concentrations. Additional lung function tests 
were made when an episode was predicted, using the weather forecast and 
dispersion modelling. For the purpose of this study, an episode was defined 
as ambient ozone concentrations higher than 120 /ig/m3 for several hours 
on at least two consecutive days or daily average S02 concentration higher 
than 125 Mg/rn3 or daily average N02 concentration higher than 90 pg/m3. 
In the first part of the study, each child was tested ten times with an 
interval of one week between successive tests. In the second part of the 
study, the children were tested between six and eight times with an interval 
of two or three weeks between successive tests. 
Performance of more frequent lung function tests than in our earlier 
studies (7,8), in which baseline test results were compared to episode 
and follow up test results, has several advantages. First, potential bias 
by prior knowledge of the pulmonary function technician or the children 
of the presence of a smog episode, would be minimized by regular testing. 
Further minimization of this bias by issuing of sham episodes, proved 
impractical because of mass media publicity and the inevitable knowledge 
of the pulmonary function technicians of the weather and thus air pollution 
conditions. Second, a more precise characterization of baseline lung function 
was possible. Third, the collected data allowed evaluation of a continuous 
exposure effect relationship. Fourth, better adjustment for confounders 
was possible. 
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At two small schools studied in the third winter measurements were 
conducted according to the previously used episode protocol, in order to 
evaluate the potential bias that was introduced by the protocol itself 
in the earlier episode studies (7,8). 
Spirometry was performed according to the protocol of the ECCS (38). 
A detailed description of our protocol has been provided before (39). A 
rolling-seal dry spirometer (Vicatest 5) coupled with automatic data acquisi-
tion software has been used. In addition, the pulmonary function technician 
reviews the volume time curve displayed on a paper recorder. The spirometer 
and software fulfill the technical requirements of the ECCS (38) and the 
ATS (40). Volume calibration was performed with a Pulmark-II three liter 
syringe prior to testing, at noon and after testing. All pulmonary function 
test results were transformed to BTPS, using the air temperature of the 
test room measured during the test and the daily average ambient pressure 
collected from the nearest meteorological station of the Dutch Royal Meteoro-
logical Institute (KNMI). The pulmonary function tests were performed in 
the schools of the children during normal school hours. The order of testing 
of the different grades was generally the same. Therefore, each child was 
usually tested about the same time of the day. To minimize variability 
induced by different pulmonary function technicians, generally the same 
two technicians administered the tests at a specific school (a third techni-
cian was involved when height and weight of the children was measured). 
In the 3.5 years of the study, 8 technicians contributed to the measurements, 
one of whom (GH) participated in the measurements in all schools in an 
attempt to obtain consistent testing. 
From a minimum of three valid expiratory maneuvers the highest forced 
vital capacity (FVC), forced expiratory volume in one second (FEVi
 0) and 
peak flow (PEF) were selected. The highest maximal mid-expiratory flow 
(MMEF) was selected from a maneuver with a FVC within 5% or 100 ml of the 
highest FVC. Thus, the selected pulmonary function values could be obtained 
from different curves. 
In the tables 3.4 and 3.5 some descriptive information about the 
pulmonary function test results is presented. The reasons entered by the 
pulmonary function technicians during field work for rejecting a test, 
were coughing (6.7%) , too early termination of the maneuver (28.1%) , instruc-
tions not understood (51.8%) and no interest (9.3%). The percentage of 
rejected tests was slightly lower than reported by Houthuijs (39) for six 
to nine year old children. 
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Table 3.4 Description of pulmonary function test results 
Number Percentage 
Performed tests 14415 
Acceptable tests 13061 
FVC reproducible 12362 
within test1 
FEVi




94.6 (of 13061) 
93.7 (of 13061) 
reproducible if the second highest FVC (FEVi
 0) is within 5% or 100 
ml of the highest FVC (FEVX 0) (ref. 40). Percentage calculated from 
the number of acceptable tests 
Table 3.5 Distribution of within and between test variation of pulmonary 
function (N = 1774) 
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2 . 3 
5 .4 
5 . 1 
1.5 
1.6 
4 . 5 
2 . 9 
3 . 1 
7 .5 
7 . 2 
2 . 8 
3 . 0 
7 . 1 
4 .0 
4 . 3 
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- 2 3 . 8 
- 2 3 . 2 
- 5 1 . 6 
- 2 1 . 8 
• 4 7 . 1 
- 4 8 . 5 
- 7 6 . 9 
25-th percentile 
difference between highest and second highest value within one test, 
expressed as percentage of the highest value 
coefficient of variation of pulmonary function between tests 
actual minimum values were 0.04, 0.03 and 0.04% for FEVX 0, PEF and 
MMEF respectively. These values were found for children with only 
two or three valid tests 
All pulmonary function data fulfilling the general acceptability 
criteria of the ECCS (such as no hesitant start, no early termination of 
the maneuver) were used in the analysis, including tests for which the 
highest FVC or FEVX 0 was more than 5% or 100 ml larger than the second 
highest. This is in agreement with recommendations of the ATS (40). The 
percentage of non-reproducible tests was lower than reported by Hankinson 
et al. (41), but the percentage of acceptable tests was higher in that 
study. 
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The between test variation was similar to that reported by others 
(42) and slightly larger than reported by Houthuijs et al. (39). In the 
latter study two tests were performed within one to three days. In addition 
to random variation, the CV values reported in table 3.5 include trends 
in spirometry due to lung growth and training effects (Chapter 5). For 
the children tested three times in a three months period (baseline, sham 
episode, follow up test), median CV values were 1.8, 2.4, 5.7 and 5.1% 
for FVC, FEVi
 0, PEF and MMEF, respectively. The children measured with 
this protocol showed less trend in spirometry due to training effects (Chapter 
5). 
3.4.2 Acute respiratory symptom registration 
The occurrence of acute respiratory symptoms of the children was 
registered by their parents in a diary. The diary form was based upon the 
diary used in the Harvard Six City Study (43) . The parents had to report 
either the code for "no symptoms/healthy" or the code(s) for the specific 
symptom(s) each day. The symptoms included in the diary were hoarseness, 
cough, cough with phlegm, wheeze, runny/stuffed nose, aching throat, shortness 
of breath, chest tightness, eye irritation and sneezing. Some non-respiratory 
symptoms (earache, nausea, headache, fever, ill at home) were included 
as well. The diary is included in appendix 2. 
In contrast to developments in the use of questionnaires, no standardi-
zation of diaries has been achieved so far (17,37). Little is known about 
accuracy and precision of diary completion. In a two year study among 422 
5-10 year old children in Boston, MA the symptom incidence reported by 
the parents was higher for a telephone administered questionnaire than 
for the diary (43) . It was unclear which of the two methods was more accurate 
(43) . In another study among children no differences between results from 
a questionnaire by telephone and a diary were observed (44). 
Finally, before a pulmonary function test was conducted the technician 
asked the children whether they had experienced any respiratory symptoms 
in the week before the test. We informed about presence of a "cold" , frequent 
cough, runny/stuffed nose, throat ache, fever and being ill at home. A 
comparison of symptoms reported by the children and the parents is presented 
in chapter 9. 
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3. 5 Data management 
Pulmonary function data were collected with automatic data acquisition 
software. The pulmonary function data were transferred to cassettes from 
a Hewlet Packard 85 micro computer. Data from the cassette were transferred 
to a VAX mainframe computer. The program files that were used to define 
a SAS dataset included several checks on the pulmonary function variables 
and the collected additional variables. Checks of pulmonary function data 
included printing of observations with unusually low or high pulmonary 
function values and impossible combinations of pulmonary function variables, 
such as FVC less than FEVt 0. Checks of additional variables included 
frequency prints of categorical variables (identification number, technician 
number) and prints of the distribution of continuous variables, such as 
the room temperature during the test. 
Diary and questionnaire data were entered in the computer, using the 
database management system dBASE IV on a personal computer. For the entry 
of diary data, a dBASE program was used to minimize errors. All ID numbers 
and dates were filled in by a subroutine of this program. A second subroutine 
was used to enter data from diary forms on which no symptom occurred. For 
these forms, only the ID number had to be supplied to the subroutine. A 
third subroutine allowed entry of diary forms with only a few days with 
symptoms. Only the days with symptoms had to be entered, the remaining 
days were filled in by the subroutine. Finally, a subroutine was used to 
check the entered data. Checks were made using the allowable range of the 
variables and combinations of variables (i.e. no simultaneous entry of 
a symptom and the code for healthy). In addition, all diary forms on which 
a symptom occurred were compared to the computer file. 
Questionnaire data were similarly checked with a dBASE program, using 
logical combinations of variables and the allowable range of the variables. 
In addition, all questionnaires on which remarks were written or answers 
left open, were reviewed in order to ensure consistency of interpretation. 
The students that entered the data were instructed to write down the ID 
of questionnaires that were difficult to interpret. 
Air pollution data were entered in the computer, using the spreadsheet 
program Lotus 123 for personal computers. Only raw data, such as gas meter 
readings before and after sampling and extinctions of the colorimetric 
determinations in the sample extract, were entered in the computer. The 
spreadsheet program was used to calculate the concentration of the air 
pollutants. Original laboratory data were checked when relatively low or 
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high concentrations were observed compared to measurements of preceding 
or following days. 
3.6 Data analysis 
In this study repeated measurements of pulmonary function and symptom 
status of the same child have been made with short time intervals between 
successive measurements. The implication for the data analysis is that 
it is not possible to treat all observations as independent observations. 
First, measurements made within the same child will be more similar than 
measurements made in different children. Second, measurements made in the 
same child made with a short interval will most likely be more similar 
than measurements made with a larger time interval. Ordinary linear regression 
is therefore not an appropriate analysis method for this study design. 
Before sometimes complex statistical methods have been applied to 
the collected data, simple descriptive analyses have been performed. This 
included time plots of the dependent and independent variables, plots of 
independent versus dependent variables and tabulations of the distribution 
of the dependent variable in discrete classes of increasing air pollution 
concentrations. 
An important goal of data analysis is to separate effects of the 
exposure variable and potential confounders. Because in this study variations 
of exposure and effect in time are evaluated, only time varying variables 
can confound the association between exposure and effect. Therefore, variables 
that are often confounders in cross-sectional studies such as age, gender, 
passive smoking and social-economic status can not be confounders in this 
study. Important confounders in studies of acute effects of air pollution 
may be weather conditions (temperature, humidity), respiratory infections, 
biological agents such as pollen, seasonal variation and long term trends. 
3.6.1 Analysis of pulmonary function 
Since pulmonary function measurements were made with an interval of 
between one and three weeks between successive tests, it was assumed that 
successive observations of the same child were independent. This assumption 
was supported by observations made in the panel study (chapter 11). In 
that study daily Peak Flow measurements were conducted. The autocorrelation 
coefficient (correlation between the peak flow level with the peak flow 
level one week before) was nonsignificant (0.20). For the children that 
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were tested with an interval of one week and had valid pulmonary function 
tests on all ten test days, the mean first order autocorrelation coefficient 
has been estimated, using the two stage procedure described below. The 
estimated mean autocorrelation coefficients were between -0.05 and -0.10 
for the evaluated pulmonary function variables, suggesting independence 
of successive observations. 
The analysis of the association between exposure and pulmonary function 
followed a two stage approach (45). First, an individual linear regression 
model was calculated for each child separately. Next, the distribution 
of the individual regression slopes was evaluated. A two stage approach 
has recently been proposed in general for serial data in medical research 
(46). Among the stated advantages of the summary measures approach were 
simplicity, less problems due to missing values, better reflection of indivi-
dual differences in response and easy solution of statistical complications 
due to among others serial correlation within an individual (46). 
In most calculations an assumption of a linear model was made. This 
assumption is supported by several recent epidemiological studies, which 
failed to find evidence of a threshold for health effects of particulate 
matter and S02 (for example ref. 47). It is further supported by the relative-
ly small range of observed air pollution concentrations. 
Because the number of measurements for each child was small, typically 
between six and twelve, the precision of the slope estimate for an individual 
child is low. Extreme regression slopes may be a result of a too small 
number of valid test results, a small range of the independent variable, 
high correlation between independent variables when two independent variables 
are included in the model and extreme variation in the pulmonary function 
measurements of a child. Examples of these problems will be presented in 
the chapters five through eleven. Extreme slopes can be detected in Box 
plots, which were always prepared when the distribution of slopes was 
evaluated. In addition to the mean slope, the median slope was always 
considered. 
In the Korn-Whittemore approach (45), the calculation of weighted 
mean slopes was proposed as an unbiased estimate of the population mean 
response. The inverse of the variance of the individual regression slope 
was proposed as the weight. Probably due to the smaller number of measurements 
per child in this study, it was observed in several populations (chapters 
5 and 6), that extreme weighted slopes were caused by using the inverse 
of the variance as the weight because of very small variation in pulmonary 
function of some children (Table 3.5). 
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3.6.2 Analysis of acute respiratory symptoms 
Korn and Whittemore proposed a two stage approach with individual 
logistic regression analysis for relating the probability of a symptom 
occurrence to predictors (45). This method is not suitable for shorter 
studies in predominantly healthy populations, because of the small number 
of symptom occurrences (48) . Daily symptom data are generally analyzed 
by calculating symptom incidence or prevalence for each day of study (48) . 
The assumption of independence of successive measurements is clearly 
inappropriate in the case of analyzing daily symptom prevalence or incidence 
data (48) . Generally, the prevalence of day t is correlated with the preva-
lence of day t-1 or even t-2, a phenomenon called autocorrelation (49,50). 
Autocorrelation is a common phenomenon in time series data, including daily 
symptom occurrence (48-50). Autocorrelation of daily symptom prevalence 
may be caused by a number of factors. First, a symptom may persist for 
several days. Second, when symptoms have an infectious basis autocorrelation 
may arise by the spread of the infection in the population. Third, the 
autocorrelation may be caused by causes of the symptoms which are themselves 
autocorrelated, like low ambient temperatures. If the autocorrelation in 
symptom prevalence is not entirely due to explanatory variables, the residuals 
from a regression model will be autocorrelated, as well. This violates 
the independence assumption of ordinary least squares regression (48,51). 
Although the estimate of the regression slope may be valid, the estimate 
of the standard error is generally too low (48). Thus, significance levels 
calculated with ordinary least squares are too small. For this reason time 
series analyses have been conducted that take dependence of successive 
observations into account. 
Time series analyses have not been used much in epidemiology, although 
their use is increasing (48,51,52). Analysis in the time domain have been 
applied most often, although examples of frequency domain analyses (spectral 
analyses) exist as well (53,54). In time domain analyses the value of a 
variable Y at time t is modelled as a function of values of the variable 
Y or another variable X at previous times. In frequency domain analyses 
the frequency of sine or cosine functions that describe cyclic patterns 
in the data is determined. We have chosen for time domain analyses, because 
of the complex interpretation of spectral analyses. Parameters estimated 
from spectral analysis are not readily interpretable as estimates of the 
magnitude of an effect. 
Within time domain analyses several approaches exist (48). We have 
chosen for the Box-Jenkins approach, because it is a flexible approach (51). 
In this approach the residuals from, for example, a regression model are 
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modelled with a combination of autoregressive and moving average parameters 
of different order (49-51). The approach consists of an iterative process 
of identification (using among others the partial autocorrelation function) , 
estimation of a model suggested in the identification step (such as an 
autoregressive model of order one) and model checking (by examining the 
residuals of the estimated model). 
More detailed information about the applied models is included in the chapters 
7, 9, 10 and 11. 
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4.1 Summary 
From October 1987 to April 1990 a monitoring study of atmospheric 
acidity has been performed at three urban and five rural sites in the Nether-
lands . Sampling was performed on a regular basis with annular denuder filter 
pack systems at all sites and a continuous sulfuric acid monitor at one 
site. Very high ammonia concentrations (mean concentration higher than 
10 /jg/m3) were observed at a site in an area with intensive livestock farms. 
The mean ammonia concentration at the urban sites was slightly higher than 
at the background sites. Despite the high ammonia concentrations the concen-
tration of acid aerosol was not negligible. High concentrations of acid 
aerosol have not been observed, the highest daily average concentration, 
expressed as sulfuric acid, was 8.1 /jg/m3. Daily average nitrous acid concen-
trations up to 20 ^ g/m3 have been observed, mostly at the more traffic 
influenced sites. Limited spatial variability of the concentration of the 
aerosol components sulfate, nitrate and ammonium was found, consistent 
with the long range transport behavior of these components. Larger spatial 
variability was observed for HONO, HN03 and particularly gaseous ammonia, 
in agreement with the impact of local or regional sources. 
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4.2 Introduction 
In the 1980's concern about ecologic and health effects of atmospheric 
acidity has resulted in numerous air quality studies. The occurrence of 
12 hour average concentrations up to 40 /ig/m3 of aerosol acidity, expressed 
as equivalent sulfuric acid, has been reported for sites in the Northeast 
of the USA and Canada (1,2). Much less information is available about aerosol 
acidity in other parts of the USA (3) and Europe. Concentration levels 
of gaseous acid pollutants such as nitric acid (HN03) , nitrous acid (HONO) 
and hydrogen chloride (HC1) have been less frequently reported. High nitric 
acid concentrations (12 hour averages to 45 /iig/m3) have been measured in 
the Los Angeles basin (2,4). Concentration levels in Europe are generally 
lower (5,6). Few studies have evaluated the concentration of gaseous ammonia 
(NH3), which is probably the most important neutralizing pollutant (1,2). 
In the Netherlands and England, high ammonia concentrations have been observed 
at sites influenced by livestock emissions (7-9). 
From October, 1987 to April, 1990 a monitoring study of atmospheric 
acidity has been performed at five rural and three urban locations in the 
Netherlands using an annular denuder filter pack system. The main purpose 
of the measurements was characterization of human exposures in the framework 
of two epidemiological studies. One study evaluated chronic health effects 
of air pollution by comparing populations in industrial Vlaardingen and 
rural Vlagtwedde (10). The other study evaluated acute health effects of 
air pollution episodes (11). An additional purpose for the National Institute 
of Public Health and Environmental Protection (RIVM) was to study the possi-
bilities and limitations of the ADS methods in field measurements in a 
routine network (12). The main interest for the University of Wageningen 
(LUW) was characterization of human exposure to air pollution in the framework 
of the acute effects study (11). Measurement of aerosol acidity was an 
important part of the acute effects study, because this component might 
explain observed health effects during past winter air pollution episodes 
-n the Netherlands for which no aerosol acidity data were available. 
This paper presents a description of the measurement methods used, 
the air pollution concentration levels, an evaluation of spatial variability 
of observed concentrations and a discussion of factors that may explain 
' e observed patterns. 
60 
4.3 Experimental 
4.3.1 Study description 
From October, 1987 to April, 1990 24 hour samples have been taken 
by RIVM at sites in Bilthoven, Vlaardingen and Sellingen, which is located 
close to the site Vlagtwedde of the epidemiological study (Figure 4.1). 
Sampling was performed once every 8 days, on the same date for the three 
sites. At a site in the inner city of Utrecht, samples were taken in the 
winter of 1989/90. Additional measurements were made in Bilthoven and 
Sellingen during photochemical episodes in 1989. LUW performed 12 hour 
average day time measurements (7 am to 7 pm) from August 1988 to June 1989 
in Deurne on a near daily basis. In Enkhuizen two samples were taken every 
week on consecutive days, prior to pulmonary function tests made for the 
epidemiological study. The study period was from January, 1989 to September 
1989 (excluding July) . From November 1989 to March 1990 near daily measure-
ments were performed in Venlo and twice weekly in Nijmegen. A characterization 





Figure 4.1 Location of the measurement sites 
1 = Bilthoven 
2 = Vlaardingen 
3 = Sellingen 
4 = Utrecht 
5 = Deurne 
6 = Enkhuizen 
7 = Venlo 
8 = Nijmegen 
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The sites in Utrecht and Vlaardingen were located within 20 meters of a 
major road. The other sites were not influenced by sources in the immediate 
vicinity, such as major roads and farms. Sampling height was approximately 
1.5 meter, except for Nijmegen where the sampler was located on top of 
a building at about 5 meter height and Bilthoven (3 meter). 


































































Sites 1 to 4 24 hour average measurements by RIVM. 
Sites 5 to 8 12 hour average day time measurements by 
at 1-1-91. Source: Statistical yearbook 1992. CBS. 
LUW 
4.3.2 Sampling 
Sampling was performed by both institutes with the same annular denuder 
filter pack system (ADS) configuration. All equipment was obtained from 
University Research Glassware, Carrboro, NC. A detailed description of 
the methods has been prepared by both institutes (13,14). The inlet of 
the system consisted of a teflon-coated glass impactor to remove coarse 
alkaline particles (> 2.5 /im at a flow rate of 16 . 7 L/min) . Next, the sampled 
air passed two sodium carbonate coated annular denuders to remove acidic 
gases, such as HN03 and HONO. The second denuder was used to adjust the 
amount of nitrite and nitrate measured on the first denuder for nitrite 
and nitrate artifacts from collection of nitrogen dioxide and potentially 
other nitrogen components. The third denuder was coated with citric acid 
to remove gaseous ammonia. Finally, the sampled air passed a teflon filterpack 
consisting of a Gelman 1 //m (LUW) or 2 /xm (RIVM) pore size PTFE teflon 
filter to collect particles and a Gelman Nylasorb 1 /im pore size nylon 
filter to collect nitric acid from volatilized ammonium nitrate collected 
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on the teflon filter. LUW used a flow rate of 4 1/min, RIVM used 16.7 1/min. 
Sampled volumes have been determined at atmospheric pressure with calibrated 
dry gas meters, connected to the flow meter of the pump unit. 
In Enkhuizen aerosol strong acidity has also been measured with the 
continuous sulfuric acid monitor developed by the Harvard School of Public 
Health (HSPH) (15,16). Hourly average concentration levels of aerosol sulfate 
and sulfuric acid were used. A disadvantage of the method is that it does 
not separate the nonacidic (NH^SO* and the acidic NH4HSOA (1,16). Aerosol 
acidity is detected with the monitor when the molar ratio of H+ to S042" 
exceeds unity (16). Calibration and quality control procedures were those 
of HSPH (15). The system was calibrated biweekly using stainless steel 
tanks containing 400 ppb S02. From May 1989 problems with the calibration 
system (probably caused by a contaminated regulator) prevented the performance 
of acceptable calibrations. For these data, the average calibration factors 
of the previous calibrations were used, since no appreciable trend of the 
calibration factors was found. Linear regression of S0A2" measured with 
the monitor (dependent variable) versus S042" measured with the annular 
denuder f ilterpack (ADS) resulted in an intercept (standard error in paren-
theses) of 1.46 (0. 55) jug/1"3 a n d a slope of 0.91 (0.07) with a Pearson corre-
lation coefficient of 0.91. For the data without available calibration, 
intercept and slope were 1.48 (0.69) and 0.93 (0.11) with a correlation 
coefficient of 0.92, suggesting that these data can be used for the purposes 
of this study. 
4.3.3 Sample extraction 
Denuders were extracted with deionized water. At LUW the teflon filter 
was first cut radially in two halves. One half of the teflon filter was 
extracted in 0.1 mN HCIO^ after wetting with 100 (il of ethanol for pH analy-
sis . The other half (used for spectrophotometric determinations) was extracted 
with deionized water. At RIVM the intact teflon filter was extracted in 
deionized water. At LUW the nylon filter was extracted with 0.1 N sodium 
hydroxide, at RIVM with deionized water. Experiments at LUW showed a 47% 
(SD 16%) extraction efficiency of nitrate from nylon filters using deionized 
water, in agreement with results reported previously (17). RIVM nylon filter 
nitrate results were adjusted, using the experimentally determined efficiency. 
On average, corrected total (teflon plus nylon) aerosol nitrate and ammonium 
concentrations were 17% and 8% higher than the uncorrected values. 
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4.3.4 Analysis 
Sodium carbonate denuder extracts were analyzed for nitrite and nitrate. 
Citric acid coated denuder extracts were analyzed for ammonium. Teflon 
filter extracts were analyzed for H*, ammonium, nitrate, nitrite and sulfate. 
Nylon filter extracts were analyzed for nitrate and nitrite. Anion concentra-
tions were determined by thermostated suppressed ionchromatography at RIVM 
and spectrophotometry methods at LUW. LUW determined nitrite by the Salzman 
method according to NEN 2040 defined by the Dutch Normalization Institute. 
Nitrate has been determined as nitrite after reduction by hydrazine sulfate. 
Sulfate was determined by the sulphonazo method (18). H+ was determined 
by coulometric titration to pH 5.6 (RIVM) and direct pH measurement (LUW) . 
The ammonium concentration was determined using a modified indophenol method 
according to NEN 6472 at both institutes. 
The extracts of 28 ADS RIVM samples were analysed by both institutes 
to compare the respective analysis methods (19) . The correlation between 
the results of the two analysis methods was higher than 0.93 for most compo-
nents. Exceptions were aerosol H+ for which a correlation of 0.85 was found 
and nitrate from denuder samples for which no significant correlation was 
found, probably due to the low concentration levels (< 0.2 fig/m3) . Although 
the correlation coefficient is not the most informative measure of agreement 
between methods, it was calculated, because evaluation of the correlation 
between measured concentrations at different sites was a purpose of this 
study. No systematic differences were found between the analysis results 
of the two institutes (19). 
Limits of detection (LOD) of LUW field measurements, calculated as 
three times the standard deviation of the blank, were below 0.7 /ig/m3 for 
all components, except S042" for which the LOD was 1.7 jug/m3. Limits of de-
tection of RIVM field measurements were below 0.5 jig/m3 for all components, 
except S042" for which the LOD was 0.8 /ig/m3. 
Precision, expressed as the coefficient of variation (CV) , calculated 
from 19 runs of two collocated LUW denuder systems was between 10 and 15% 
for most components. For HONO and HN03 CV values of 30% were calculated. 
Precision calculated from 7 runs of two collocated RIVM ADS samplers was 
2-10% for all components, except for HONO and H+ for which a CV value of 
20% was calculated. 
4.3.5 Data analysis 
The distributions of the concentrations of the measured air pollutants 
have been calculated for the eight sites for the summer and winter season, 
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separately. For the purposes of this study summer has been defined as the 
months April through September and winter as the months October through 
March. Site by site comparisons have been made by calculating concentration 
differences of measurements made on the same day. The statistical significance 
of the mean of these differences deviating from zero was tested with Students 
t-test. 
The correlation of the concentration of a pollutant measured at differ-
ent sites has been calculated for those sites with more than five measurements 
on the same day. Because the concentrations of the pollutants were not 
normally distributed, non-parametric Spearman rank correlation coefficients 
were calculated. 
4.4 Results and discussion 
In figures 4.2 to 4.5 the distribution of gas phase and aerosol pollu-
tants in summer and winter is shown. Figures 4.6 and 4.7 display the diurnal 
pattern of the S0A2" and the H2S04 concentration in Enkhuizen, measured with 
the continuous sulfuric acid monitor. In tables 4.2 and 4.3 a more detailed 
description of measured concentrations is given for the pollutants that 
were of most interest. In tables 4.4 and 4.5 the spatial correlation calcu-
lated for these components is shown. In table 4.6 the balance between the 
measured cations and anions is shown. In table 4.7 a comparison between 
measured and ammonia concentrations predicted with the TREND model (20) 
is presented. 
Table 4.2 Distribution of concentration of aerosol H+ (expressed as sulfuric 
acid) and ammonia at selected sites (^ g/m3) . Data presented are 







































































Table 4. 3 Distribution of concentration of HONO and HN03 at selected sites 
(/ig/m3) . Data presented are percentiles of the distribution, 
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Figure 4.2 Distribution of concentrations (/ig/m3) of particulate pollutants 
(winter). Box represents 25th, 50th, and 75th percentile, 
whiskers extend to at most 1.5 interquartile ranges 
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Hour of day 
804 H2S04 
Figure 4.6 Diurnal variation of sulfate and sulfuric acid concentration 
(jig/m3) in Enkhuizen, the Netherlands, winter 1989 
304 H2S04 
10 15 
Hour of day 
804 -H2S04 
Figure 4.7 Diurnal variation of sulfate and sulfuric acid concentration 
(/ig/m3) in Enkhuizen, the Netherlands, summer 1989 
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Table 4.4 Between site Spearman rank correlation and number of simultaneous 




































































correlation not calculated because only five or less measurements 
on the same day 
Table 4. 5 Between site Spearman rank correlation and number of simultaneous 













































































Table 4.6 Average balance between concentrations of cations (NH4+ and H+) 
and anions (S042~ and N03~) . Days with valid observations for 














































































































































predicted average concentration of 1988 and 1989 by TREND model (ref. 
20) in /jg/m3. Daytime average for sites 5 to 8 and daily average for 
sites 1 to 4 
4.4.1 Aerosol sulfate and nitrate 
The concentrations of aerosol sulfate and nitrate showed little spatial 
variability. The correlation of the concentrations between sites was generally 
high. Limited spatial variability is consistent with observations made 
earlier with medium volume samplers (21) and filterpacks implemented in 
the National Air Quality Monitoring Network (22). The small spatial 
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variability illustrates the importance of long range transport for these 
components. A slow conversion and deposition rate contribute to transport 
over long distances. 
In winter no significant diurnal variation of the S042" concentration 
at the Enkhuizen site was observed (Figure 4.6) . In summer S042" concentra-
tions were higher in the late afternoon, consistent with photochemical 
formation processes. 
The concentration of nitrate was a larger fraction of the sum of sulfate 
and nitrate on an equivalent basis (Table 4.6) than generally found in 
the northeast of the USA and Canada (23-27) and several European studies 
(28,29). The relatively high density of motorized traffic in the Netherlands 
may contribute to this difference. This is supported by the observation 
that in the Los Angeles Basin the concentrations of nitrate exceed those 
of sulfate (4). Another explanation might be the high ammonia concentrations, 
shifting the equilibrium between gas phase ammonia plus nitric acid with 
aerosol ammonium nitrate more to the aerosol phase. 
4.4.2 Aerosol acidity 
The aerosol acidity concentrations observed during the study were 
in the lower range of the concentrations reported for the USA and Canada 
(1,3). In the Northeast of the USA and Canada 12 hour average concentrations 
of 40 /ig/m3 have been measured (1). The highest concentration found in this 
study was 8.8 /ig/m3, the second highest 5.5 /ig/m3. At the Enkhuizen site, 
measurements of aerosol acidity with the continuous monitor showed low 
concentrations, as well. On three days the twelve hour daytime average 
concentration was slightly above 1 /ig/m3, with a maximum of 1.5 /ig/m3. One 
hour average H2S04 concentrations above 2 /ig/m3 were measured during 11 
hours of two days. The highest observed 1 hour average was 5 /ig/m3, observed 
during night time. No evidence of significant diurnal variation was found 
(Figures 4.6 and 4.7). 
The balance between the determined cations and anions (Table 4.6) 
was close to unity for all sites, which suggests that the low aerosol acidity 
concentrations were not a result of analytical errors. The high percentage 
of ammonium from the sum of ammonium and H+, suggests that on average the 
aerosol was almost completely neutralized. Excess ammonia was available 
to neutralize observed gaseous and aerosol acidity. Even during periods 
with atmospheric conditions favorable for the formation of acid aerosol -
photochemical episodes with 1-hour maximum ozone concentrations higher 
than 200 /ig/m3 - aerosol H+ concentrations were only 10% higher than on 
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non-episode days. During these episodes ammonia concentrations were also 
relatively high, due to increased emissions as a result of increased 
evaporation at high temperatures. No major winter air pollution episode 
occurred during the study period. Possibly higher concentrations occur 
during these conditions. 
Spatial correlation was high between the RIVM sites and moderate to 
low for the LUW sites (Table 4.4) . This is probably a result of low precision 
of the LUW measurements, since most samples were below the LOD. 
To our knowledge, in Europe no long series of measurements of acid 
aerosol have been reported. Some shorter studies have been performed. The 
mean concentration of 10 samples taken with a cascade impactor in January 
1987 in Bayreuth, Germany was approximately 10 /ig/™3 (30). Some samples 
were taken during a major air pollution episode (30) . In a suburb of Zurich, 
Switzerland the highest observed H2S04 concentration measured with a thermo-
denuder system was a 2-hour average of about 10 Mg/m3 (31). 
Probably, the relatively low concentrations of aerosol H* were a result 
of neutralization by ammonia, for which high concentrations were observed 
at all sites (Figures 4.3 and 4.5). In fact, it is surprising that ammonia 
and aerosol acidity have been observed simultaneously. For example on June 
26 and 27 1989 in Deurne the 12 hour average H+ concentration was 3.4 and 
5.5 fig/m3 while the ammonia concentration was 36.5 and 36.2 fig/ta3, respective-
ly. During the day with the highest observed concentration of H+, being 
8.1 /ig/m3 in Sellingen, the ammonia concentration was 3.6 fig/m3. Thermodynamic 
calculations predict a very fast reaction between liquid sulfuric acid 
droplets and gaseous ammonia, with reaction times in the order of seconds 
(32) . Explanations may include a slow neutralization reaction due to small 
collision chance at low aerosol concentration and protection of particles 
by an organic film (32,33). Theoretically, it is possible that the integrated 
sample was made up of hours with ammonia and no aerosol acidity and reverse 
(32), but the presented examples suggest this is unlikely for Dutch con-
ditions . 
Aerosol acidity concentrations at RIVM sites were higher than at LUW 
sites. Explanations for this difference may include site characteristics 
(unlikely), more neutralization of collected aerosol acidity by sampling 
of more coarse alkaline particulate matter due to the lower flow rate employed 
by LUW and potentially differences in analysis methods not found during 
the methods comparison study (RIVM method includes weaker acids). 
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4.4.3 Gaseous ammonia and aerosol ammonium 
Ammonia concentrations frequently in excess of 10 /Jg/m3 have been 
observed in Deurne, a town located in an area with many intensive livestock 
farms. Since the site was more than 1.5 kilometers from the nearest farm, 
these concentrations do not reflect direct source impacts. The ammonia 
concentration at the urban sites Utrecht and Nijmegen was higher than at 
the other sites, probably due to ammonia from traffic, human beings and 
pets (34) . Between the other sites only small differences in ammonia concen-
tration were found. 
The concentrations observed at all sites were much higher than observed 
in the USA (22,25,35,36). Background ambient ammonia concentrations in 
the USA are below 1 /xg/m3. High ambient ammonia concentrations in areas 
with livestock farms have been observed before in England (7,37), Cabauw, 
the Netherlands (9) and three other sites in the Netherlands between 1983 
and 1985 (8) . In the study from England urban ammonia concentrations were 
not higher than background concentrations (7). Recently, very high NH3 ammonia 
concentrations were observed in an industrial area near Aveiro, Portugal 
(28) . The high ammonia concentrations observed both in summer and in winter, 
suggest that high concentration levels of acid aerosol are unlikely to 
occur in the Netherlands. 
The spatial correlations of the ammonia concentration (Table 4.5) 
were moderate only. This probably reflects the importance of local sources 
at ground level and the high dry deposition rate of ammonia. 
The spatial variability of the aerosol ammonium concentration was 
much smaller and the correlation between different sites much higher. This 
was also observed in a network of 19 sites in East England (7). In spite 
of its location in a high NH3 emission area, the NHA+ concentration at the 
Deurne site was only slightly higher than observed at the other sites. 
Ammonium concentrations appeared to be more related to long range transport. 
The observed ammonia and ammonium concentrations show a reasonable 
agreement with concentrations calculated with the TREND model (20) , particu-
larly because the measurement period does not exactly coincide with the 
years for which the model calculations were performed. With this model 
mean concentrations in a 5*5 kilometer grid were calculated. The concentra-
tions in Deurne are overestimated with the model. Differences in concentra-
tions between the urban areas and background sites were not reflected in 
the model predictions. 
76 
4.4.4 Gaseous HONO and HN03 
The measured HONO concentrations were somewhat higher than observed 
in other European studies and close to the concentration levels observed 
in Los Angeles (5). The concentration levels were lowest at the two most 
rural sites 3 and 6, consistent with the impact of motorized vehicle emissions 
on the sites. The concentration of HONO was significantly correlated with 
the N02 concentration (r about 0.60). Particularly in the summer HONO concen-
trations at LUW sites were lower than at RIVM sites, which may be explained 
by diurnal variation. HONO concentrations are highest during night time 
and rapidly decrease during day time (5). During the winter season, the 
diurnal HONO pattern may be less pronounced (38). 
Nitric acid concentrations were similar to other observations in Europe 
(5,9,28). HN03 in excess of 5 fig/m3 occurred both in winter and in summer. 
In summer high nitric acid concentrations were associated with photochemical 
episodes. In Deurne all HN03 concentrations in excess of 5 Mg/m3 occurred 
on days with 1 hour maximum ozone concentrations higher than 176 /ig/m3. 
HONO concentration levels were low during these days. In contrast, high 
HNO3 in winter generally occurred simultaneously with high HONO concentra-
tions. At the days with HONO > 6 and/or HN03 > 5 /Jg/m3 in winter for the 
sites 5 to 8 daily minimum temperature was low, daily mean relative humidity 
above average (93%) and aerosol concentration measured as PM10 above average 
(74 /zg/m3) . The highest concentrations of HONO and HN03 observed in the 
winter of 1989/90 occurred on the same day in Venlo and Nijmegen during 
a stagnation episode. 
Elevated winter nitric acid concentrations have been reported from 
other sites (23,24,39). Recently, it was suggested that heterogeneous reac-
tions of N0X during foggy episodes resulted in a rapid formation of HONO 
(40) . The proposed reaction mechanisms included one reaction with both 
HONO and HN03 formation. Another explanation of the elevated nitric acid 
concentrations, would be oxidation of nitrite collected on the first denuder 
(41). Under winter conditions of low ozone concentrations and low temperature 
this is an unlikely explanation. 
On an equivalent basis gas phase acidity was between 64 and 94% of 
the sum of gas phase and aerosol acidity, documenting the importance of 
gaseous acids under Dutch conditions. 
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5.1 Abstract 
In a study on acute health effects of air pollution in the Netherlands, 
pulmonary function has been measured repeatedly in children of 7-11 years 
old. In study periods of approximately 3 months between 6 and 10 tests 
have been made in a group of 1621 children. The spirometric data have been 
examined for the presence of trends of pulmonary function with day of study, 
independent of air pollution. Peak expiratory flow (PEF) increased more 
than expected from normal lung growth, whereas for maximal mid-expiratory 
flow (MMEF) a decrease with time was observed. For forced vital capacity 
(FVC) and forced expiratory volume in one second (FEVi
 0) a smaller than 
expected increase with time was observed. The observed deviation from the 
expected pattern was larger for the children with a one week interval between 
successive tests than for the children with a three weeks interval. For 
FVC and FEV1-0 a non-linear relation with time was observed, for PEF and 
MMEF this relation was approximately linear. The particular changes of 
spirometric variables with time need to be taken into account when repeated 
lung function tests are performed to investigate acute effects of air pollu-
tion exposure. 
5.2 Introduction 
Epidemiological studies of acute health effects of air pollution fre-
quently employ repeated testing of pulmonary function (1). Spirometry is 
widely used. These studies are characterized by a limited number of tests, 
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usually 10 or less, In a relatively short time period (typically a few 
weeks to 2 months). In the statistical analysis of the data from such studies, 
individual regression analysis is often used (2-4). For each subject, pulmo-
nary function is regressed on air pollution exposure. In these studies 
there may be confounding due to trends of pulmonary function with time, 
unrelated to environmental physical, chemical or biological agents (5,6). 
In summer camp studies, with daily measurements of pulmonary function, 
a decrease of forced vital capacity (FVC) and forced expiratory volume 
in one second (FEVj
 0) during the first 5-6 tests has been noted (5). The 
initial decrease was followed by an increase (5). In another summer camp 
study an increase of peak expiratory flow (PEF) and a decrease of FEVj
 0 
during the first week was observed (6) . In a study of Peak Flow variability 
using mini-Wright peak flow meters between 2 and 4 times daily during two 
weeks, significantly lower values were observed on the first two days (7). 
In the subsequent analysis the data obtained on these two days were not 
used (7). 
Factors which may contribute to these trends are lung growth in 
children, lung aging in adults, learning effects in the performance of 
the test and decreasing motivation of the subjects performing the test. 
Even for the typically short study period the effect of lung growth in 
children can be comparable to the magnitude of health effects observed 
in earlier air pollution episode studies (8). The annual decrease of pulmonary 
function in adults is less than the growth observed in children. Learning 
and motivation effects can play a role in these studies due to the short 
interval between tests and the nature of spirometry. Spirometry depends 
upon the effort and cooperation of the subject performing the test. Growth 
and aging would be expected to lead to approximately linear changes in 
these short studies. A learning effect would be expected to lead to a larger 
increase of pulmonary function during the first tests. Decreasing motivation 
would lead to lower pulmonary function values with time. 
This paper presents an evaluation of the occurrence of time trends 
in spirometric variables in a study of the acute effects of air pollution 
on pulmonary function of children living in the Netherlands (9) . This epide-
miological study is an extension of earlier air pollution episode studies 
conducted in the Netherlands (8,10). 
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5.3 Methods 
5.3.1 Study design 
Our earlier episode studies consisted of one baseline measurement, 
followed by measurements during and some time after an episode. To obtain 
more information about both the variation of pulmonary function independent 
of air pollution and the time course of an effect during and after an episode, 
it was decided to perform spirometry more frequently. Pulmonary function 
was therefore measured at regular intervals, independent of the air pollution 
concentration. When high concentrations of S02, N02 or 03 were expected, 
additional measurements were made. In the first part of the study each 
child was tested 10 times, with an interval of 1 week between successive 
tests. In the second part of the study between 6 and 10 tests were made 
with an interval of 2 or 3 weeks. Finally, at two schools measurements 
have been performed according to our earlier protocol (8,10). It consisted 
of one baseline measurement, a sham episode measurement approximately 2.5 
months later and a follow up test approximately 2.5 weeks after the sham 
episode measurement. 
5.3.2 Population 
From October, 1987 till March, 1990 17 primary schools were entered 
in the study sequentially. All children of grades 4 through 7 (age 7 till 
11 years) were invited to participate. Out of 1693 children eligible for 
the study, 1621 children (96 %) participated. The children were living 
in four different towns in the Netherlands. Deurne and Venlo are non-
industrial communities in the South-east of the country, Enkhuizen is a 
non-industrial community in the North-west. In Nijmegen, a city of 150.000 
inhabitants in the east of the country, a school in the inner city was 
selected. 
5.3.3 Pulmonary function measurements 
Spirometry was performed in the schools of the participating children 
according to the criteria of the ECCS (11) . Briefly, a Vicatest-5 dry spiro-
meter was used to obtain volume and (through differentiation) flow parameters 
of a forced expiratory maneuver. The spirometer was connected with automatic 
data acquisition equipment. For each child at least 3 acceptable efforts 
had to be collected. The highest forced vital capacity (FVC) , forced expira-
tory volume in 1 second (FEVX 0) and peak expiratory flow rate (PEF) were 
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selected from the available curves. The highest maximal mid-expiratory 
flow (MMEF) was selected from a maneuver with a FVC within 5% or 100 ml 
of the highest FVC. The lung function technician evaluated the volume time 
curves on a paper recorder and the automatically calculated pulmonary function 
variables of the present and previous maneuvers. A more detailed description 
of the protocol has been published before (12). The tests were performed 
between 8.30 am and 4 pm. The order of testing of the different school 
grades was the same each test day. In this paper only FVC, FEVX 0, PEF and 
MMEF will be discussed. 
5.3.4 Statistical methods 
The relationship between pulmonary function and day of study was 
analysed by individual linear regression. For each child a linear regression 
model was calculated, with a pulmonary function variable as the dependent, 
and day of study as the independent variable. The distribution of individual 
regression coefficients was then evaluated. Deviation of the mean of the 
distribution of individual regression coefficients from zero has been tested 
with a t-test. Two sided significance levels are reported in this paper. 
Day of study was entered as the number of days since the start of the study 
for the child. A linear regression analysis was performed, because the 
expected change is a small, linear increase with time due to lung growth. 
The distribution of coefficients was evaluated separately for children 
measured with an interval of 1 week and children measured with an interval 
of 2 or 3 weeks between successive tests. To obtain some stability of the 
estimated individual regression coefficients, only children with more than 
4 measurements were included in the analysis. 
These analyses were repeated taking into account two measures of the 
quality of the information obtained from an individual child. Each coefficient 
was weighted with the inverse of the standard error of the regression coeffi-
cient or the root mean square error of the individual regression model. 
The distribution of the weighted coefficients was compared to the unweighted 
distribution. 
The observed changes with time have been compared with data obtained 
from a longitudinal study, in which children were measured 4 times over 
a 2.5 year period (13) . In that study children aged 6-11 years were tested 
with the same equipment and protocol (12). The study was designed to evaluate 
respiratory effects of indoor air pollution. A more detailed description 
of the study has been published before (14). The lung growth data from 
that study have been shown to agree closely with regression coefficients 
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of cross sectional analyses of pulmonary function on age in the same age 
group (8). 
The appropriateness of the linear trend assumption was investigated 
by repeating the regression analysis without the first and the first two 
tests, respectively. Moreover, plots of group mean pulmonary function level 
versus day of study were made. Since interindividual variation of pulmonary 
function is large, the same group of children has been compared for the 
different days of study. Therefore, only children with valid measurements 
for all tests were included in the graphical analysis. 
Finally, the distribution of regression slopes has been investigated 
in subgroups defined by sex, age and presence or absence of chronic 
respiratory symptoms, respectively. The group of children with chronic 
respiratory symptoms comprised children with doctor diagnosed asthma ever, 
wheeze in the last year, shortness of breath in the last year or attacks 
of shortness of breath with wheeze in the last year, as reported by the 
parents of the children on a self-completion version of WHO children's 
questionnaire (15). The independent influence of these three variables 
has been evaluated by performing a multiple linear regression analysis, 
with the regression slope as the dependent variable and sex, age and symptom 
status as independent variables. 
5.4 Results 
At the first eight schools tests were performed once a week. Air 
pollution levels were low during all test sessions at seven of the eight 
schools. Therefore, only the data from these seven schools were further 
analysed for evaluation of time trends. At the other 9 schools pulmonary 
function tests have been made every two or three weeks. There were insuffi-
cient numbers of children measured with a two weeks interval who experienced 
low air pollution during the whole test period. There were three schools 
which were visited every three weeks with low air pollution levels during 
and before all test sessions. Therefore, only these three schools were 
included in subsequent analyses. At these three schools six test sessions 
were performed. In table 5.1a description of the population used for the 
presented analyses is given. The three winters included in the study were 
mild with only a few days with minimum temperatures slightly below zero 
degrees centigrade. Daily average sulfur dioxide (S02) concentration during 
the pulmonary function test days ranged from 2 to 81 /xg/m3, well below 
concentration levels at which health effects can be expected (16). 
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Table 5.1 Population characteristics of air pollution acute pulmonary 
function effects study, the Netherlands; children included in 
analysis of trends of pulmonary function 
Age (yr) 
# valid tests 
# children wi 
than 4 valid 
th more 
tests 


















percentage of all participating children 
In table 5.2 the results of the linear regression analysis of pulmonary 
function on day of study are shown. All regression coefficients have been 
transformed in estimated changes per year. 
The observed mean change with day of study was different for the various 
pulmonary function variables. For PEF an increase was observed, for MMEF 
a decrease was observed. For FVC and FEVj^
 0 the results were more mixed. 
There were some remarkable differences between the results for the group 
with weekly measurements and the group with three-weekly measurements. 
The increase in PEF was much less for the children measured every three 
weeks. For FVC and FEVX 0 increases were observed in the three weeks group. 
The MMEF decrease was lower in the three weeks-group. The results of the 
weighted and unweighted regression slopes were similar. In general, the 
standard errors were slightly lower for the weighted coefficients. However, 
when the number of test days was small, several extreme outliers occurred 
in the weighted analyses. This appeared to be caused by children with low 
variability of pulmonary function. Adjustment for the potential effect 
of air pollution on the observed time trends by including daily average 
S02 concentration of the test day in the individual regression models, did 
not materially change the presented associations. For example, the mean 
(SE) of adjusted coefficients for the children measured every week were 
21 (29), -31 (25), 2260 (124) and -240 (67) rnKs'^/year for FVC, FEVi
 0, 
PEF and MMEF respectively. 
Table 5.2 Mean change of pulmonary function with day of study, in relation 
to the interval between repeated tests 
Interval 1 week 
(N - 679) 
FVC (ml/year) 
FEVj

































Interval 3 weeks 





























Interval 6 weeks 
(N - 75) 
FVC (ml/year) 



























mean of individual regression coefficients 
standard error of the mean of individual regression coefficients 
coefficients weighted with the inverse of the standard error of the 
coefficient 
coefficients weighted with the inverse of the root mean square error 
of the individual regression model 
without one extreme negative outlier mean (se) were 43 (26) and 40 
(29) respectively. 
several positive outliers, not present in the unweighted distribution 
p < 0.05 (two-sided t-test) 
In table 5.3 the estimated changes from this study are compared with 
data from a longitudinal study in the same age group made at our department 
with the same equipment and protocol. The observed PEF increase in this 
study was much larger than would be expected from normal lung growth. The 
observed change in FVC and FEVX 0 was less than expected for all groups. 
Clearly, the change in MMEF is contrary to what would be expected from 
lung growth. The PEF changes observed for the children measured three times 
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in a three months study period, were only slightly larger than the expected 
change. The changes for FVC, FEVX 0 and MMEF were still less than expected. 
Table 5 . 3 Mean change of pulmonary function observed with different intervals 
of repeated measurements, compared to expected lung growth 
1 week1 3 weeks2 6 weeks3 2.5 years4 
FVC (ml/year) 27 (25) 79 (22) 54 (39) 233 (3) 
FEV1-0 (ml/year) -38 (22) 30 (22) 51 (42) 182 (3) 
PEF (ml/s.year) 2218 (115) 729 (121) 543 (251) 459 (10) 
MMEF (ml/s.year) -265 (62) -148 (66) -51 (112) 150 (5) 
N 679 224 75 420 
1
 mean (se) for children measured with an interval of 1 week 
2
 mean (se) for children measured with an interval of 3 weeks 
3
 mean (se) for children from 2 schools with 3 tests in a 3 months period 
(baseline, sham episode and follow up test) 
* observed in a longitudinal study of children (13) 
The time trends were similar for boys and girls, the youngest and 
the oldest children and for children with and without chronic respiratory 
symptoms. In table 5.4 the results of multiple linear regression analysis 
with the regression slopes as the dependent variable and sex, age and symptom 
status and a dummy variable defining the interval between test as independent 
variables, are shown. None of the variables was significantly related to 
the observed change of pulmonary function with time, except the time interval 
between tests, which was significantly related to the increase of PEF with 
time. 
To adjust for potential training effects sometimes the first or first 
two tests are not included in the analysis. In table 5.5 the results of 
individual regression analysis of pulmonary function on day of study are 
shown for all test days, all days without the first test and all days except 
the first two tests, respectively. For PEF and MMEF the coefficients do 
not change much, but in the 1 week interval group the coefficients for 
FVC and FEVX 0 do change drastically, indicating non-linearity of their 
changes with time. After exclusion of the first two measurements approximately 
the expected growth rate is observed for FVC. The increase of FEVX 0 is 
still less than expected from lung growth. In figures 5.1 and 5.2 the mean 
pulmonary function versus day of study is shown for the group of children 
having valid test results for all days of study. These plots confirm the 
results shown in table 5.5. 
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Table 5.4 Association of observed change of pulmonary function with personal 
characteristics of the child 
Sex1 Agez Resp3 Interval4 
FVC (ml/year) 
FEVi
 0 (ml/year) 
PEF (ml/s.year) 
MMEF (ml/s.year) 
255 (40)6 21 (17) 45 (55) -55 (47) 
-3 (36) 0 (15) 38 (50) -67 (43) 
327 (187) -72 (78) -193 (259) 1506* (219) 
•111 (102) -76 (42) 64 (142) -102 (120) 
p < 0.05 (two-sided t-test) 
Boy=0, Girl=l 
Age in years, calculated from the exact day of birth and the start 
day of the study for the child 
presence of one or more chronic respiratory symptoms coded as 1, absence 
of these symptoms as 0 (text) 
one week interval coded as 1, three week interval as 0 
mean of individual regression coefficients 
standard error of the mean of individual regression coefficients 
Table 5.5 Mean change of pulmonary function with day of study; effect of 
excluding the first or first two tests 
Interval 1 week 
(N = 679) 
All tests Test 1 excluded Test 1 and 2 
excluded 
FVC (ml/year) 
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Figure 5.1 Group mean pulmonary function and test number; 1 week interval 
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Figure 5.2 Group mean pulmonary function and test number; 3 weeks interval 
(n-155) 
5.5 Discussion 
This study has shown that repeated pulmonary function testing with 
short time intervals between successive tests yielded estimated changes 
of pulmonary function with time which were different from those expected 
from normal lung growth. Peak flow increased more than expected. For MMEF 
a decrease with time was observed. For FVC and FEVj^
 0 a smaller than expected 
increase with time was observed. The observed deviation from the pattern 
expected from normal lung growth was larger for the children with a one 
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week interval between successive tests than for the children with three-weekly 
measurements. The changes with day of study for PEF and MMEF could be 
described by a linear relation. For FVC and FEVj
 0 this was only possible 
after ignoring the first two tests. 
When exposure variables of interest are also associated with time 
since start of the study, the observed relationship between pulmonary function 
and exposure can be biased. An example of this may be a study of the acute 
health effects of ambient ozone pollution, in which ozone concentrations 
may be higher or lower at the end of the study due to meteorological factors. 
Adjustment for this bias has to take into account the observed patterns 
with time. The presented analyses suggest that PEF and MMEF can be detrended 
by including a linear relationship with time since the start of the study. 
For FVC and FEVi
 0, either a non-linear relationship with time needs to 
be modelled or probably more appropriately, the first two observations 
need to be ignored. 
Training effects in repeated pulmonary function testing have been 
described before (5,6,7). In a number of summer camp studies, with daily 
measurements of pulmonary function, a decrease of FVC and FEVX 0 and MMEF 
during the first 5-6 tests has been noted. The initial decrease was followed 
by an increase (5,17). In one of the three described study populations 
in the latter phase of the two weeks study period an increase of peak flow 
was observed (17). In another summer camp study an increase of PEF and 
a decrease of FEV1 0 during the first week was observed (6). This pattern 
is almost identical to the pattern in our study. In two other studies made 
at our Department Mini-Wright Peak Flow Meters were used for repeated testing 
with an interval of approximately one week between successive tests (9,18) . 
In these studies no unexpectedly large increase with time was observed 
(18). In a panel study of 73 children with chronic respiratory symptoms, 
Peak Flow was measured at home twice daily with mini-Wright peak flow meters 
during two months. Preliminary analyses suggest significant training effects 
during the first few days. This latter observation is consistent with the 
•esults from a study of daily peak flow variability over a period of two 
weeks (7). Differences between these studies are not readily explainable. 
It may be that training effects are less pronounced with mini-Wright meters 
due to the simpler equipment or a somewhat different technique of performing 
*:he test. Different study settings (interval between tests, presence of 
a lung function technician) may also explain differences. 
The physiological interpretation of the observed results is not simple. 
We believe that the following mechanisms play a role in explaining the 
patterns observed in this study: training effect of PEF, negative effort 
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dependence and lung growth. We believe the observed pattern of PEF is the 
driving force of the changes noted in the other variables, since the pattern 
noted for PEF is most consistent for different schools and subgroups. It 
appears that the children were able to increase their maximal effort in 
the course of the study. Maybe some physiological training of (the control 
over) respiratory muscles occurs, resulting in higher peak flows at later 
tests. This hypothesis is supported by the larger increase of PEF observed 
in the group of schools with an interval of 1 week. In a short term ventila-
tory muscle training program including 30 minutes of forced expiratory 
and inspiratory maneuvers, large increases (55%) of expiratory and inspiratory 
maximal pressures were observed. Only a modest (4%) increase of VC was 
noted (19 , 20) . There are several examples of pulmonary function technicians 
improving their own pulmonary function by performing regular pulmonary 
function tests themselves (20). 
The pattern for FVC, FEVX 0 and MMEF might be explained by negative 
effort dependence (19, 21-23). Negative effort dependence is partly an 
artifact of measuring lung volumes by exhaled volumes at the mouth. Higher 
efforts cause higher alveolar pressures, leading to compression of the 
airway gas. When lung volumes are measured at the mouth, the compression 
part of the change in actual lung volume is not measured. A second mechanism 
is denoted as true effort dependence (19, 21) and has been related to dynamic 
compression of the airways (19). Submaximal efforts therefore lead to higher 
flows in the effort independent portion of the flow volume curve (19,21,23) . 
The magnitude of the effect has been illustrated in a number of studies. 
Krowka (21) noted that in a large group of adult patients FVC, FEV-L
 0, MMEF 
and MEF50% were respectively 2.3, 2.7, 3.5 and 3 .4% less for maximal efforts 
compared to the value from the highest FZV1 0-curve. Medinger (22) noted 
in a group of 121 adult patients a significantly lower FEVj
 0 from curves 
with the highest PEF. Consistent with this hypothesis is that the deviance 
from growth-predicted increase in this study with time is larger for FEVj
 0 
than for FVC. This is not consistent with less inspiration or earlier 
termination of the maneuver. After removing the first two tests for FVC 
an increase close to expected from normal growth was observed. For FEVj
 0, 
the observed increase is still less than expected from growth. This may 
be a result of the larger impact of the described mechanism on FEVX 0. The 
observed decrease of MMEF may also result from the larger influence of 
negative effort dependence on this variable. Lung growth apparently was 
not sufficiently large to compensate this effect in the relatively short 
study periods. 
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In summary, this study has shown unexpected changes of spirometric 
pulmonary function with day of study, when children were tested repeatedly 
in a short period. The analyses presented here, suggest the necessity of 
taking into account potential confounding effects of patterns of pulmonary 
function with time. 
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6.1 Summary 
In the spring and summer of 1989 an epidemiological study was conducted 
to evaluate the acute effects of photochemical air pollution episodes on 
pulmonary function of children living in three non-industrial towns in 
the Netherlands. Spirometry was performed repeatedly in the schools of 
the children, mostly during the morning hours . Data from 533 children having 
more than four valid pulmonary function tests were included in the analyses. 
The association between previous day ambient ozone concentration and pulmonary 
function was evaluated, using individual linear regression analysis and 
subsequent evaluation of the distribution of individual regression coeffi-
cients . 
One hour maximum ambient ozone concentrations frequently exceeded 
160 jug/m3, but were all lower than the Dutch Air Quality Guideline of 
240 /ig/m3 for all three populations. Significant negative associations of 
previous day ambient ozone with Forced Vital Capacity (FVC) , Forced Expiratory 
Volume in one second (FEVj
 0) , Peak Flow (PEF) and Maximal Mid-Expiratory 
Flow Rate (MMEF) were observed. There were indications of systematic differ-
ences in response between the children. Children with chronic respiratory 
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symptoms did not have a stronger response than children without these 
symptoms. 
6.2 Introduction 
Human controlled exposure studies have shown that prolonged exposure 
to ozone concentrations near ambient levels can result in respiratory effects 
in moderately to heavily exercising subjects (1,2). These effects include 
pulmonary function decrements, respiratory symptoms, increased non-specific 
bronchial responsiveness and inflammatory reactions (1,2) . In epidemiological 
studies negative associations between ambient ozone concentrations and 
pulmonary function have been observed as well (3-17). Most of these epidemio-
logical studies have been performed in the north-east of the United States 
and Canada (4-7,10-13). Children participating in a summer camp program 
have often served as study subjects, because of relatively high exercise 
levels and long exposure duration to ambient air (4-11). 
Little information about potential health effects due to photochemical 
air pollution episodes is available from European studies (2,17 ,18). Never-
theless , photochemical episodes constitute a policy concern in the Netherlands 
and other European countries as well (19) . One hour maximum ozone concentra-
tions of 240 /ug/m3, the Dutch Air Quality Guideline, are exceeded on several 
days in an average year (19). Photochemical episodes in the Netherlands 
are mainly a result of polluted air masses transported from large source 
areas located to the east of the country (19). Therefore, there is only 
limited spatial variation during photochemical episodes (19). High ozone 
concentrations during episode days generally persist for several hours 
in the afternoon and the early evening. 
Due to differences in meteorological factors like temperature and 
humidity and differences in the composition of the air pollution mix during 
photochemical episodes, it is of interest to evaluate whether the results 
from the studies performed in the USA can be replicated in European countries. 
One potentially important difference is that levels of acid aerosol are 
probably low in the Netherlands (20). 
These considerations have led us to conduct an epidemiological study 
of the effects of photochemical air pollution episodes on pulmonary function 
of children living in the Netherlands. We have chosen to study children 
during normal daily activities during the schoolyear. The same design was 
used for evaluating potential responses to winter episodes (21). 
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6.3 Methods 
6.3.1 Study population 
The children were selected from three non-industrial, small towns 
(30.000 to 50.000 inhabitants), where outdoor air pollution was mainly 
determined by long range transport from large source areas. In figure 6.1 
the location of the towns is shown. The National Institute of Public Health 




- 30 km 
Figure 6.1 Location of the study towns and air pollution measuring 
sites 
Study towns E = Enkhuizen 
Z = Zeist 
D — Deurne 
Air pollution sites W - Wieringerwerf 
B = Bilthoven 
V = Vredepeel 
The University of Wageningen studied children from four schools in 
Deurne, which is about 70 kilometers west from the Ruhr-area in Germany, 
a major source area. Deurne is heavily influenced by intensive livestock 
farming. Low levels of acid aerosol were anticipated, because of neutraliza-
tion due to atmospheric ammonia. The University of Wageningen also studied 
children from one school in Enkhuizen. In Enkhuizen higher levels of acid 
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aerosol were anticipated, due to its location away from large population 
centers and intensive livestock farming and its location on the western 
border of an inland lake. 
All children of grades four through seven of the selected primary 
schools were invited to participate in the study. In these grades children 
are between 7 and 11 years old. 
The parents of the children were asked to fill in a self-completion 
version of WHO's children's questionnaire for chronic respiratory symptoms 
(22) . With the questionnaire information about respiratory allergy of the 
child was gathered as well. The most important criteria for selection of 
the schools was the size of the school and absence of local sources in 
the vicinity of the school. 
6.3.2 Pulmonary function testing 
Pulmonary function tests (spirometry) were performed on a regular 
basis, independent of the expected air pollution concentrations. The interval 
between successive tests was two weeks for the participating children in 
Deurne and in Zeist and three weeks for the children in Enkhuizen. When 
the weather forecast and photochemical modelling predicted ambient ozone 
concentrations higher than 120 fig/m3 for several hours on at least two conse-
cutive days, additional lung function tests were made. In Zeist additional 
tests were made on seven days, in Deurne on five days. No additional tests 
were made in Enkhuizen. 
Spirometry was performed according to the protocol of the ECCS (23). 
A detailed description of our protocol has been provided in (24) . A rolling-
seal dry spirometer (Vicatest 5) coupled with automatic data acquisition 
software has been used. From a minimum of three valid expiratory maneuvers 
the highest forced vital capacity (FVC), forced expiratory volume in one 
second (FEVj
 0) and peak flow (PEF) were selected. The highest maximal mid-
expiratory flow (MMEF) was selected from a maneuver with a FVC within 5% 
or 100 ml of the highest FVC. Thus, the selected pulmonary function values 
could be obtained from different curves. All pulmonary function data ful-
filling the general acceptability criteria of the ECCS (such as no hesitant 
start, no early termination of the maneuver) were used in the analysis, 
including tests for which the highest FVC or FEVX 0 was more than 5% or 
100 ml larger than the second highest. This is in agreement with recommenda-
tions of the ATS (25). For the children in Enkhuizen and Deurne, the mean 
difference of the highest and second highest FVC and FEVX 0 was 1.8 and 
2.0%, respectively. The percentage of tests for which the highest and second 
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highest FVC and FEVX 0 differed more than 5% or 100 ml, was 3.9 and 4.8%, 
respectively. Thus, for these children the MMEF was selected from the maneuver 
with the highest FVC. All pulmonary function test results were transformed 
to BTPS, using the air temperature of the test room. 
The two participating institutes used the same equipment and protocol, 
but different teams of lung function technicians. No cross-checks of the 
different pulmonary function technician teams were made. However, since 
only intraindividual analyses have been performed, this would not affect 
study results. 
Pulmonary function testing was performed during the schoolyear in 
the schools of the children. Most tests were performed before noon. All 
tests were finished before 3 pm. All available children were tested when 
a school was visited. 
The study was conducted in the spring and summer of 1989. In Deurne 
children were studied between March, 14 and June, 27. In Zeist children 
were studied between April, 13 and July, 20. In Enkhuizen children were 
tested between March, 23 and July, 4. The end of the study period coincided 
with the beginning of the summer holidays in the respective towns. 
6.3.3 Exposure assessment 
Information about the ambient concentrations of ozone (03), sulfur 
dioxide (S02) and nitrogen dioxide (N02) was obtained from the nearest back-
ground site of the National Air Quality Monitoring Network (Figure 6.1). 
Ozone was measured by chemiluminescent Philips PW 9771/00 continuous monitors 
(26). Sulfur dioxide and nitrogen dioxide were measured by continuous monitors 
based on fluorescence and chemiluminescence respectively (26). 
In addition, measurements of particulate matter with an aerodynamic 
diameter (D50) less than 10 pm (PM10) and acid aerosols have been made in 
Deurne, Enkhuizen and Bilthoven. Measurement of PM10 was performed in 
Bilthoven by Sierra Andersen dichotomous samplers (27). At the other two 
sites an instrument of equivalent design has been used (28). Measurements 
of acid aerosol have been performed with an annular denuder filter pack 
(20). In Deurne these measurements were made on a near daily basis, in 
Enkhuizen on the day before a pulmonary function test day and the day itself. 
Samples were taken from 7 am to 7 pm. In Bilthoven measurements were made 
every 8th day and on a daily basis during air pollution episodes . Twentyfour 
hour samples were taken, coinciding with a calendar day. 
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Maximum ambient temperatures were also obtained from the sites Bilt-
hoven, Vredepeel and Wieringerwerf of the National Air Quality Monitoring 
Network. 
Airborne pollen concentrations were routinely measured by the District 
Hospital in Helmond, a town 10 kilometers west from Deurne (29). The potential 
confounding role of airborne Poaceae (grass) and Betula (birch) pollen 
has been evaluated for the children living in Deurne only. Poaceae are 
probably the most important source of airborne allergic pollen in the 
Netherlands (29). 
6.3.4 Statistical methods 
All statistical analyses were performed with the SAS-system for statis-
tical analyses on a VAX-mainframe computer. 
Most pulmonary function tests were performed during the morning hours, 
when ambient ozone concentrations were still low. Therefore, the previous 
day 1-hour maximum ozone concentration was used as the main exposure variable 
in further analyses. The influence of adding other pollutants to a model 
already containing ozone has been examined. 
The association between previous day maximum ozone and pulmonary func-
tion was analyzed by individual linear regression and subsequent evaluation 
of the distribution of individual regression slopes. To obtain relatively 
stable estimates of the individual regression coefficients, only children 
with more than four valid lung function tests were included in the analysis. 
To compensate for lung growth during the approximately three months of 
the study period, the number of days since the start of the study was entered 
in each regression model. For the short study period the expected pattern 
is a nearly linear increase of pulmonary function due to lung growth. Since 
trends in repeated spirometry deviating from normal lung growth have been 
described (9,10,30), the above analyses have been repeated excluding the 
first and the first two tests respectively. 
The evaluation of systematic differences in response between children 
has been done by comparing the observed variance of individual regression 
slopes with the variance expected due to random error (31). Random error 
may be caused by inherent pulmonary function variability and exposure misclas-
sification. It was estimated from the residuals of the individual regression 
models. The calculated variance ratio has an F-distribution under the null 
hypothesis. Degrees of freedom are the number of subjects minus one and 
the sum of the error degrees of freedom of all individual regression models 
(31). 
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The distribution of individual regression slopes in subgroups defined 
by presence or absence of chronic respiratory symptoms in the last year, 
allergy, gender and age of the child has been examined. In addition, multiple 
linear regression analyses with the individual response (regression slope) 
as the dependent variable and age, gender and presence of a chronic respira-
tory symptom as the independent variables were performed. 
6.4 Results 
Table 6.1 summarizes the concentration levels of those air pollutants 
with complete data for all three sites included in the study. The correlation 
between ambient ozone and temperature of the pulmonary function test days 
was between 0.74 and 0.90 for the seven schools. 
Table 6.1 Ambient concentration levels of pollutants and temperatures 
observed during the study period in three locations in the 







































daily average concentration, /ig/m3 
1-hour maximum concentration, /ig/m3 
•c 
actual measurements made at the sites Bilthoven, Vredepeel and Wieringer-
werf of the National Monitoring Network, respectively 
Concentration levels of N02 and S02 were very low, illustrating the 
rural character of the sites. The highest observed sulfate concentration 
was 31 /ig/m3. The highest concentration of acid aerosol, expressed as sulfuric 
acid, was 5 /ig/m3, the second highest 3 /ig/m3. Most measurements of acid 
aerosol were below 1 /ig/m3 for all three sites. The highest nitric acid 
concentration was 7 /ig/m3. The highest and second highest PM10 concentrations 
measured were 136 and 124 /xg/m3, with most levels below 100 /ig/m3. The PM10 
concentration measured the day before a pulmonary function test day or 
the day itself, exceeded 100 /ig/m3 only once. 
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In figure 6.2 the one hour maximum ambient ozone concentrations measured 
at Vredepeel during the study period are shown. Ozone levels were frequently 
moderately elevated, but the Dutch ambient air quality guideline of 240 /Jg/m3 
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Figure 6.2 One hour maximum ambient ozone concentration in study period 
The pattern at the other two sites was similar. The Pearson correlation 
coefficients between the maximum ozone concentration measured at the Vredepeel 
site with that of the Bilthoven and the Wieringerwerf site were 0.82 and 
0.69 respectively. The correlation of the one hour maximum and the 8-hour 
maximum ozone concentration was 0.99, 0.97 and 0. 96 for the sites Vredepeel, 
Wieringerwerf and Bilthoven respectively. On average the 8-hour maximum 
was 90% of the 1-hour maximum concentration. Due to the high correlation 
between the 1-hour and 8-hour maximum ozone concentration, it was not possible 
to evaluate statistically whether the association of 8-hour maximum ozone 
and pulmonary function was stronger than the association of 1-hour maximum 
ozone with pulmonary function. 
On the basis of the observed air pollution concentrations, it was 
decided to use ozone as the main exposure variable and to evaluate the 
other components only in addition to ozone. 
In table 6.2 some characteristics of the study population are presented. 
In Zeist, Deurne and Enkhuizen 83, 93 and 99% of the invited children partici-
pated in the study. In Zeist, Deurne and Enkhuizen 99, 93 and 70% of all 
participating children had more than four valid tests. The differences 
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in these percentages reflect the maximum number of pulmonary function tests 
performed in the different towns. The range of maximum ozone concentrations 
on the day before the pulmonary function test days, the exposure variable 
in this study, was 85 - 206, 7 - 195 and 94 - 195 /xg/m3 for the children 
in Zeist, Deurne and Enkhuizen respectively. 
Table 6.2 Characteristics of populations studied between March and July, 
1989 in three different locations in the Netherlands. Children 
with more than four valid tests only 
Age (yr) 
# Tests / Child 
# Children 































































t total number of test days at two schools in Zeist, one school in Enkhuizen 
and four schools in Deurne. Total number exceeds average number of tests 
per child for Zeist and Deurne, because measurements were made on different 
schools. 
* number of children for whom the symptom was reported for the last year 
' first valid pulmonary function test for each child used 
In Enkhuizen eight children did not have a valid test or were absent 
during the test day with the highest ozone concentration on the day before 
the test. The remaining range of lagged ozone for these children was 
94-124 ng/m3. This small range led to some instable regression coefficients, 
noted as clear positive and negative outliers in the boxplots of individual 
regression coefficients. Therefore, these eight children have been eliminated 
from subsequent analyses, regardless of the regression coefficient estimated 
for these children. The lowest ozone concentration for Deurne was measured 
on March 16 1989, when maximum ozone concentrations were below 10 Mg/m3 
on several sites of the National Monitoring Network in the south-east of 
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the country. The association between ozone and pulmonary function was not 
materially changed when the test day with this low ozone value was eliminated. 
In table 6.3 the association of previous day maximum ozone and pulmonary 
function is shown. In nearly all independent groups a negative association 
of ozone and all four pulmonary function variables was found. The results 
of the non-parametric sign-tests were similar to those obtained by the 
parametric t-tests. 
Table 6.3 Association between previous day ambient ozone and children's 
pulmonary function in three populations studied in the Netherlands 
between March and July 1989 
Group 
Z e i l f 
Zei2 







T o t a l 
0 .04 
- 0 . 3 9 ' 
-0.131 
- 0 . 3 2 ' 
- 0 . 1 0 
- 0 . 3 0 s 
- 0 . 1 5 
- 0 . 2 2 * 
- 0 . 2 7 
- 0 . 2 0 ' 
FVC* 
( 0 . 1 0 ) 
( 0 . 1 2 ) 
( 0 . 0 8 ) 
( 0 . 1 0 ) 
( 0 . 1 6 ) 
( 0 . 0 8 ) 
( 0 . 1 1 ) 
( 0 . 0 6 ) 
( 0 . 1 7 ) 
( 0 . 0 5 ) 
FEVj.o 
- 0 . 0 7 
- 0 . 3 7 * 
- 0 . 1 9 * 
- 0 . 3 1 * 
- 0 . 0 6 
- 0 . 3 0 * 
- 0 . 1 2 
- 0 . 2 0 * 
-0.271 
- 0 . 2 1 * 
( 0 . 0 9 ) 
( 0 . 1 2 ) 
( 0 . 0 7 ) 
( 0 . 1 0 ) 
( 0 . 1 5 ) 
( 0 . 0 8 ) 
( 0 . 1 1 ) 
( 0 . 0 6 ) 
( 0 . 1 4 ) 
( 0 . 0 4 ) 
- 1 . 8 9 * 
- 2 . 4 7 * 
- 2 . 1 2 * 
- 1 . 9 4 * 
- 1 . 6 0 * 
- 1 . 5 4 * 
-O.82I 
- 1 . 5 1 * 
-I.79I 
- 1 . 7 2 * 
PEF 
( 0 . 4 3 ) 
( 0 . 6 0 ) 
( 0 . 3 5 ) 
( 0 . 5 6 ) 
( 0 . 6 8 ) 
( 0 . 3 7 ) 
( 0 . 4 4 ) 
( 0 . 2 7 ) 
( 0 . 9 4 ) 
( 0 . 2 2 ) 
MMEF 
- 0 . 5 7 * ( 0 . 2 3 ) 
- 0 . 6 2 ( 0 . 3 8 ) 
- 0 . 5 9 * ( 0 . 2 0 ) 
- 0 . 6 4 * ( 0 . 2 9 ) 
- 0 . 2 8 ( 0 . 4 4 ) 
- 0 . 6 0 * ( 0 . 2 5 ) 
- 0 . 2 6 ( 0 . 2 6 ) 
- 0 . 4 5 * ( 0 . 1 6 ) 
- 0 . 1 3 ( 0 . 3 4 ) 












Mean (standard error of the mean) of individual regression coefficients 
in ml./ig'V for FVC and ml. s^./ig'V for FEVj
 0> PEF and MMEF 
f school 1 from Zeist 
I school 1 from Deurne 
§ number of children with more than four valid tests 
|| p < 0.10 (two-sided t-test) 
«[ p < 0.05 (two-sided t-test) 
When previous day concentrations of N02 or S02 were added to models 
already containing previous day ozone, no material change of the mean ozone 
slope was observed. The mean slope of both N02 and S02 were not statistically 
significant. Addition of same day (from 3 pm the previous day to 3 pm the 
same day) or previous day PM10 for the populations tested in Deurne, did 
not materially change the ozone mean slope, as well. For previous day PM10 
the mean slope was negatively associated with Peak Flow, in a model that 
included previous day ozone. The mean (SE) slope was -2.17 (0.73) ml.s^./ig" 
1
.m3, suggesting that there may have been a slight effect of PM10 on PEF, 
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Figure 6.3 Distribution of individual ozone-pulmonary function regression 
coefficients (a) FEV^ (b) PEF 
Exclusion of the first or first two pulmonary function test days did 
not substantially change the significance of the results for all four lung 
function variables. For example, after exclusion of the first two tests 
the mean coefficients (SE) for Zeist were -0.04(0.08), -0.15 (0.07), -1.51 
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(0.39) and -0.70 (0.28) uLs'1.^'1.!!3 for FVC, FEVj
 0, PEF and MMEF 
respectively. For the children tested in Deurne the corresponding averages 
were -0.27 (0.06), -0.24 (0.07), -1.85 (0.31) and -0.57 (0.19) ml.s_1.^-ir-
respectively. 
In figure 6.3 the distribution of individual regression coefficients 
of FEVi o and PEF is shown. Visual inspection of the histograms showed that 
there were more negative than positive extreme values, especially for PEF 
and MMEF. In table 6.4 the results of a systematic evaluation of the existence 
of true differences in response are shown. For PEF and MMEF all calculations 
indicated that the observed variation of regression coefficients was larger 
than expected from random error alone. For FVC and FEVX 0 only for Zeist 
the F-ratio did not indicate larger than random variation (p-values 0.10 
and 0.15 respectively). 
Table 6.4 Evaluation of systematic differences of children's pulmonary 
function association with previous day maximum ambient ozone. 
Children in three different populations studied between March 
and July 1989 

















































observed standard deviation of individual regression coefficients of 
pulmonary function on previous day maximum ozone (units ml./ig_1m3 and 
ml.s"1./*g"1m3 respectively) 
calculated variance ratio 
number of children 
sum of error degrees of freedom 
p < 0.10 
p < 0.05 
p < 0.01 
Table 6.5 shows the association between previous day ozone and pulmonary 
function for different subgroups defined by the presence or absence of 
chronic respiratory symptoms in the last year. 
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Table 6.5 Association between previous day ambient ozone concentration 
and pulmonary function in subgroups defined by presence or absence 




































































































Mean of individual regression coefficients (standard error of the mean) 
in ml .pig'1™3, ml.s"1./ig"1m3. 
t children without any of the respiratory symptoms in the last year shown 
and without doctor diagnosed asthma or bronchitis ever and no serious 
respiratory illness in the first two years of life 
$ children with one or more of the respiratory symptoms in the last year 
shown in the table (allergy not included) 
s
 number of children 
The children with chronic respiratory symptoms did not have a stronger 
negative association with previous day ozone than the children without 
these symptoms. In multiple linear regression models with the individual 
ozone-pulmonary function coefficient as the dependent variable and age, 
sex and presence of a respiratory symptom as independent variables, none 
of the differences indicating a stronger negative association of symptomatic 
children was statistically significant. Several of the coefficients indicating 
a less negative (or even positive) response of symptomatic children for 
MMEF were significant, however. The age coefficient was not significantly 
different from zero (p values larger than 0.10) . Girls had a trend towards 
stronger negative coefficients for all four pulmonary function variables. 




A statistically significant negative association between previous 
day ambient ozone and children's FVC, FEVX 0, PEF and MMEF was observed. 
The observed variation of response for all pulmonary function variables 
was higher than expected from random error alone. Children with chronic 
respiratory symptoms did not have a stronger response than asymptomatic 
children. 
Several potential biases could have influenced the results. It can 
not be excluded that other environmental factors like airborne pollen were 
responsible for the observed associations. However, the prevalence of pollen 
allergy (hay fever) as determined by questionnaire, was low in this study 
population (table 6.5). Moreover, the association between ozone and pulmonary 
function was not significantly different for children with and without 
pollen allergy. Finally, no association of same day and previous day airborne 
grass pollen concentrations with pulmonary function was found for the children 
living in Deurne. This was found for both the whole group and for the 20 
children with reported allergy for pollen. The meaning of these analyses 
is limited, because individual exposure to pollen can be different from 
the concentration measured at the monitoring site and determination of 
allergy by questionnaire is difficult. Birch pollen counts were high in 
spring when ozone concentrations were not elevated. 
Because the study period was longer than in most summer camp studies, 
adjustment for lung growth was made by inclusion of day of study in the 
regression models. Exclusion of the first or first two pulmonary function 
test days, to account for training effects (9,10,30) did not change the 
significance of the observed associations. These calculations would also 
have removed a potential trend due to a low lung function at the start 
of the study as a result of respiratory infections in the preceding winter 
or other seasonal trends. 
It is unlikely that the relatively moderate temperatures observed 
in this study resulted in the observed association of ambient ozone and 
pulmonary function (8,13). In a summer camp study in California no association 
between temperature and BTPS-adjusted pulmonary function (spirometry) was 
found, while maximum temperatures were between 13.5 and 25.5 °C (8). Two 
clinical studies did not show a change of BTPS-adjusted lung function 
(spirometry) when subjects were exposed to filtered air at 25 and 30 °C 
(32,33). 
Bias might have occurred due to performing additional pulmonary function 
tests on episode days. However, when the twelve additional test days were 
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excluded, the association between ozone and lung function was still 
significantly negative. For FVC, FEVj
 0, PEF and MMEF mean (SE) slope was -
0.22 (0.07), -0.16 (0.06), -1.27 (0.27) and -0.24 (0.15) ml.s-1.^"1.™3 
respectively. 
Assuming a linear relation between ozone and pulmonary function, the 
magnitude of the observed response to a change of the 1-hour ozone maximum 
of 240 jug/m3 is -2.1%, -2.5%, -8.8% and -4.4% for FVC, FEV10, PEF and MMEF 
respectively. Thus the decrements observed for PEF and MMEF were larger 
than for FVC and FEVj
 0. In most clinical studies the percent decrement 
of pulmonary function after exposure to ozone was lowest for FVC, larger 
for FEV10 and largest for MMEF (34-36). The studies that reported PEF, 
generally showed the largest response for PEF and MMEF, with somewhat lower 
response for FEVX 0 and the lowest response for FVC (36-38). Two recent 
epidemiological studies also showed considerably larger decrements for 
the flow parameters (4,12). In the Mendham, NJ summer camp study (5), a 
pilot study from Switzerland (17) and a recent summer camp study (39) negative 
associations with ozone were found for PEF only. In the study performed 
in Kingston, TN during the schoolyear decrements for MMEF were about twice 
that of FVC (13). In contrast, a summer camp study in California showed 
significant associations with FVC and FEVX 0, but not with PEF (8). 
Due to the timing of the pulmonary function testing, only persistent 
effects could be evaluated in this study. Persistence of pulmonary function 
effects has been documented in both epidemiological and clinical studies 
(11,41). Epidemiological studies using other endpoints have also shown 
associations with previous day ozone (42,43). Data from clinical studies 
suggest that the largest lung function decrement occurs directly after 
exposure. Partial recovery occurs relatively quickly, but maybe incomplete 
after 24 hours (41). 
The magnitude of the observed decrements is in the lower range of 
slopes reported from other epidemiological studies (2-6 ,8 ,11,12, 39) . Lower 
decrements of pulmonary function than observed in some summer camp studies, 
may be explained by a number of factors. First, this study could only evaluate 
previous day ozone effects. Data from clinical studies suggest that the 
largest decrement occurs directly after exposure and partial recovery occurs 
relatively quickly (41). Second, as measurements were performed during 
the normal school year, children were indoors and relatively inactive during 
large portions of school days. Thus, minute ventilation and exposure duration 
to polluted outdoor air were lower when compared with summer camp studies. 
As school days typically end at 3 pm and high ozone concentrations occur 
during sunny summer days, it is likely that children played outdoors and 
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were exposed to high ozone concentrations for some hours. This study could 
not quantify the cumulative exposure nor activity levels of the children. 
Third, the lower regression coefficient could be partly explained by 
misclassification of exposure. It is well known that non-differential 
misclassification in the exposure variable gives rise to a downward bias 
in the exposure-response association. Fourth, the concentration levels 
of acid aerosol and other pollutants were low in this study. It has been 
hypothesized that acid aerosol may increase the response to ozone (2). 
In spite of lower ozone exposure and less accurate exposure characteri-
zation, this and other studies performed during normal daily life activities 
(13,14,15,40) have documented associations of ambient ozone and pulmonary 
function. 
The observed variance of individual regression slopes was larger than 
expected from random error alone, suggesting systematic differences in 
response to ambient ozone. Interindividual differences in response have 
been well documented in human clinical studies (44). In epidemiological 
studies heterogeneity of response has been shown for asthma attack rates 
in a panel study in the Los Angeles Basin (49) . Using the same calculations 
as in this study, Brunekreef et al. (33) showed heterogeneity of response 
to ambient ozone for the studies in Fairview Lake (4) and Kingston (13) . 
Questionnaire information about the presence or absence of chronic 
respiratory symptoms, respiratory allergy, gender and age was not significant-
ly related to the magnitude of the ozone response. It has been noted before 
in clinical studies that asthmatics are not particularly sensitive for 
exposure to ozone (2,46). For the Lake Couchiching summer camp st^ udy no 
difference in response between asthmatics and non-asthmatics was found, 
as well (3). In the study of schoolchildren in Kingston, no difference 
in response was found between children with and without chronic respiratory 
symptoms (13). Recently, two studies documented that low level ozone exposure 
potentiates asthmatics' response to S02 and ragweed inhalation (47,48). 
Our study suggests that these phenomena were not very important under the 
investigated exposure conditions of low S02. 
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7.1 Summary 
In the spring and summer of 1989 an epidemiological study of the acute 
effects of photochemical air pollution on respiratory health of children 
7 to 11 yrs old has been conducted. For these children small pulmonary 
function decrements at the higher ambient ozone concentrations were reported 
previously. In this paper the association between ambient air pollution 
and acute respiratory symptoms is evaluated. Occurrence of acute respiratory 
symptoms was registered by the parents of the children in a diary on a 
daily basis. The association of symptom prevalence and incidence with air 
pollution was evaluated, using a logistic regression model that took auto-
correlation of the residuals into account. No associations of daily symptom 
prevalence and incidence with same day and previous day concentration levels 
of ozone, PM10, fine particle sulfate and nitrate were observed. The observa-
tion of pulmonary function decrements without increased symptoms might 
imply that children are more at risk from exposure to photochemical air 
pollution. 
7.2 Introduction 
The occurrence of photochemical air pollution episodes has been 
associated with a number of health effects in humans (1-3). Several epidemio-
logical studies of adults have shown pulmonary function decrements associated 
with increased ozone concentrations (4,5). Other epidemiological studies 
have suggested associations of ambient ozone (oxidant) concentrations with 
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acute respiratory symptoms in adults (6-11). Among the reported symptoms 
were eye irritation (6,7,10), cough (6,10), chest discomfort (7), nose 
irritation (10) and asthma attacks (9) . Ozone is probably the most important 
component of the air pollution mix during photochemical episodes that produces 
respiratory health effects (1-3,12). In controlled studies in which healthy 
adult volunteers have been exposed to near ambient concentrations of ozone, 
both pulmonary function decrements and increased acute respiratory symptoms 
have been observed after exposure to ozone (13-16) . Reported symptoms included 
cough, pain upon deep inspiration, shortness of breath, chest pain and 
sore throat (13-16). Eye irritation has not been observed in controlled 
exposure studies of ozone (15). 
It has been suggested that children and adolescents do not develop 
or notice symptoms as a result of exposure to ozone, although the magnitude 
of their pulmonary function response is comparable to adults (2,3,17-19). 
However, the basis of this potentially important finding is still weak. 
It is based upon one laboratory study in which children were exposed to 
120 ppb ozone during two hours while exercising (17) and two studies in 
which children or adolescents were exposed under controlled conditions 
to ambient Los Angeles air containing on average 0.11 and 0.14 ppm ozone 
(18,19) . Most epidemiological studies of the respiratory effects of ambient 
ozone in children have not reported or evaluated symptomatic responses 
(20-23). In two studies the authors mention that none of the adults (4) 
and none of the children (24) developed symptoms. In both studies a pulmonary 
function decrement was observed (4,24) . In another study the authors report 
a negative association of the ozone concentration and Peak Flow, while 
in the young (8-25 years) and the adults without chronic respiratory symptoms 
no association with acute symptoms was found (25). In contrast, one small 
summer camp study suggested increased prevalence of acute respiratory symptoms 
on days with ozone concentrations above 0.12 ppm in 14 children engaged 
in a summer camp program (26). No association of the ozone concentration 
and acute symptoms was observed for twenty young adults (26). In a recent 
study in Mexico City with ozone concentrations frequently in excess of 
200 ppb, prevalence of self reported cough and phlegm of 7 to 9 yr old 
children was associated with the ozone concentration (27). 
This paper presents the results of a study of the effects of photo-
chemical air pollution on the occurrence of acute respiratory symptoms 
in children. The study was performed in the framework of a long term epidemio-
logical study designed to evaluate respiratory responses of children to 
ambient air pollution episodes (28) . 
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7.3 Methods 
7.3.1 Study population 
The study was conducted during the spring and summer of 1989 during 
the schoolyear. In Deurne four primary schools participated, in Enkhuizen 
one primary school participated. Both towns are non-industrial communities 
of between 20.000 and 30.000 inhabitants. The schools were mainly selected 
for sufficient size and absence of major air pollution sources in the vicini-
ty. All children of grades four through seven were invited to participate 
in the study. In these grades children are generally between seven and 
eleven years old. In Deurne the children were studied between March 14 
and June 27 1989. In Enkhuizen the children were studied between March 23 
and July, 4 1989. 
The parents of the participating children were asked to complete the 
WHO children's chronic respiratory symptoms questionnaire (29). 
7.3.2 Symptom diary 
The occurrence of acute respiratory symptoms of the children was 
registered in a diary by the parents of the children. The diary was based 
upon the diary used in the Harvard Six City Study (30). It has also been 
used in other epidemiological studies (31) . Symptoms included in the diary 
were hoarseness, cough, phlegm, wheeze, runny/stuffed nose, throat pain, 
shortness of breath, chest tightness, eye irritation, sneezing, earache, 
headache, nausea, fever, medication use, ill at home and visit to a physician. 
The parents registered in the diary whether their child had a specific 
symptom that day. If the child did not have any symptom, this was to be 
indicated by the code for "healthy/no symptoms" in the diary. To stimulate 
daily registration of symptoms, the children returned a completed form 
of the diary at their school every two weeks. Since diaries were handed 
out in the schools during the first pulmonary function test day, all children 
received the diary approximately the same day and finished about the same 
day as well. 
We analysed single symptoms which have been associated with ozone 
or oxidant exposure in adults. These were cough, shortness of breath, eye 
irritation and headache. Nausea was analysed as a "control symptom", which 
was probably unrelated to air pollution exposure. This control symptom 
was included in the analysis because mass media publicity might have given 
rise to increased reporting of symptoms by the parents during smog episodes. 
In addition to analysing single symptoms, four symptom combinations were 
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analysed based upon Monto et al. (32). Upper respiratory symptoms (URS) 
were defined as the presence of sneezing or runny/stuffed nose. Lower respira-
tory symptoms (LRS) were defined as the presence of wheeze, chest tightness , 
shortness of breath or phlegm production. Throat symptoms were defined 
as the presence of hoarseness or throat pain. In these definitions the 
hierarchy (such as URS can only be present if no LRS are present) suggested 
by Monto was not applied, because ozone exposure may lead to upper and 
lower respiratory symptoms simultaneously. Finally, the presence of any 
respiratory symptom (RESPI) was analysed. 
Both daily symptom prevalence (33,34) and symptom incidence (35) have 
been analyzed in previous panel studies. Advantages of analyzing symptom 
incidence include the lower autocorrelation and potential differential 
effects of air pollution on first occurrence and duration of symptoms (35). 
A disadvantage in a predominantly healthy population of children is that 
the number of incident cases is small. Therefore, both symptom prevalence 
and incidence have been analyzed. 
Daily prevalence was calculated as the fraction of children for whom 
each symptom was reported. Incidence was defined as the number of children 
with a new occurrence of a symptom divided by the number of children at 
risk for developing a new symptom. Children were considered to be at risk, 
if they did not have the symptom the two previous days (32). To prevent 
potential bias from different compositions of the study population, only 
children who contributed all two weeks' forms were included in the analyses. 
7.3.3 Exposure assessment 
Information about the ambient concentrations of ozone, sulfur dioxide 
and nitrogen dioxide was obtained from the nearest background site of the 
National Air Quality Monitoring Network. Ozone was measured by chemilumi-
nescent Philips PW 9771/00 continuous monitors (36). Sulfur dioxide and 
nitrogen dioxide were measured by continuous monitors based on fluorescence 
and chemiluminescence respectively (36) . Daily measurements of twenty four 
hour average concentrations of particulate matter with an aerodynamic diameter 
(D50) less than 10 fim (PM10) were made with an instrument described by Liu 
(37), with an inlet design similar to the Sierra Andersen 241 dichotomous 
sampler. No separation in fine (< 2.5 pm) and coarse particles (> 2.5 /*m) 
is accomplished with this sampler. The sampler was compared to the Sierra 
Andersen inlet in a series of 33 collocated measurements at a site in 
Wageningen. The estimated regression equation was 6.0 + 0.90*Sierra-PM10 
(r = 0.93). In addition, 12 hour-average measurements of acid aerosol were 
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made using an annular denuder filter pack (38). The system consisted of 
two sodium carbonate coated denuders, one citric acid coated denuder and 
a filter pack with a teflon and nylon backup filter. In Deurne these measure-
ments were made on a near daily basis, in Enkhuizen on the day before a 
pulmonary function test day and the day itself. Denuder samples were taken 
from 7 am to 7 pm. PM10 samples were taken from 3 pm to 3 pm. 
Information about ambient temperature was also obtained from the nearest 
sites of the National Air Quality Monitoring Network. 
7.3.4 Statistical analysis 
Plots of symptom prevalence versus day of study were made to detect 
patterns in symptom prevalence (incidence) . The plots suggested significant 
autocorrelation of the daily symptom prevalence. Autocorrelation is a common 
phenomenon in time series data (39,40), including symptom prevalence and 
incidence (6,7,41). Autocorrelation of symptom prevalence may be caused 
by a number of phenomena. First, a symptom may persist for several days. 
Second, when symptoms have an infectious basis autocorrelation may arise 
by the spread of the infection in the population. Third, the autocorrelation 
may be caused by causes of the symptoms which are themselves autocorrelated, 
such as low ambient temperatures. 
If the autocorrelation in the dependent variable (symptom prevalence 
or incidence) is not entirely due to explanatory variables, the residuals 
from a regression model will also be autocorrelated. This violates the 
independence assumption of ordinary least squares regression (35,41) . Time 
series analyses have been developed to deal with this problem (39-41). 
The time series analyses that were used in this study were based on 
the Box-Jenkins approach (39-41). Using the autocorrelation and partial 
autocorrelation function of the residuals, a first order autoregressive 
model was identified as a model that sufficiently described the autocorrela-
tion. The crosscorrelation function - the correlation between two variables 
as a function of the lag - was calculated to identify the form of the 
relationship between air pollution and prevalence, particularly the most 
relevant lag between independent and dependent variable. The crosscorrelation 
was calculated after filtering (pre-whitening) the independent and dependent 
variable. Pre-whitening is; considered necessary because two unrelated autocor-
related time series may show significant crosscorrelations when the unfiltered 
variables are used (39-41). 
The logistic regression model has been proposed as the most appropriate 
model for relating daily symptom prevalence (incidence) data to explanatory 
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variables (35). The logistic model was specified using the SAS/ETS MODEL 
procedure. The SAS/ETS %AR-macro was used to specify a first order autoregres-
sive process for the residuals from this logistic model. The maximum likeli-
hood estimation method was used. As a check on the robustness of the results 
of these analyses, logistic regression models were specified without modelling 
of the autocorrelation. As a second check linear regression models were 
specified, using the SAS/ETS ARIMA procedure. From both models the residuals 
were examined (plots and remaining autocorrelation). 
The ambient concentration of ozone, PM10, fine particle S042" and fine 
particle N03" were used as independent variables in separate analyses. The 
latter three variables contained missing values (Table 7.1). This caused 
problems in the analysis. Therefore, missing data were interpolated using 
PROC EXPAND, assuming a linear function between two non-missing values. 
The more general and complex SPLINE method (using a segmented cubic polyno-
mial) predicted several negative concentrations and was considered 
unrealistic. 
Confounders considered were trends in symptom prevalence, day of the 
week and weather variables (hourly maximum temperature, daily average relative 
humidity). 
7.4 Results 
In figure 7.1 the concentration levels of ozone and PM10 measured in 
Deurne are shown. In table 7.1a summary of ambient air pollution concentra-
tions and ambient temperature data are shown for both Enkhuizen and Deurne. 
The daily average concentrations of sulfur dioxide and nitrogen dioxide 
were low (<43 and <62 /ig/m3 respectively). Levels of acid aerosol were low 
in both towns. In Deurne the highest 12-hour average concentration was 
5.5 /ig/m3, the second highest 3.4 /ig/m3, expressed as H2SO<,. In Enkhuizen 
the highest acid aerosol concentration was 1. 7 Mg/m3. Nitric acid concentra-
tions were below 10 /ig/m3 in both towns. For both towns there was a moderately 
high correlation between ozone and PM10, sulfate and nitrate (Table 7.2). 
Ozone and ambient temperature were highly correlated. 
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Concentration (ug/m3) 
20 40 60 80 100 
Day of study (1 • 3/13/89) 
120 
- Ozone PM10 
Figure 7.1 One hour maximum 03 and daily average PM10 versus day of study 
Table 7.1 Air pollution concentration levels* and maximum ambient 
temperature* during the study period for the respective towns. 


































































1-hour maximum for ozone, daily average for PM10 and daytime 12 hour 
average for fine particle sulfate and nitrate (jig/m3) 
•c 
number of days with a valid measurement 
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Table 7 . 2 Pearson correlation coefficients between air pollution concentra-
tions and ambient temperature. Deurne, March 14 - June 27, 1989 




















maximum ambient temperature 
all correlation coefficients significantly from zero (p < 0.002) 
In Deurne 241 children (71%) returned all two weeks' diary forms. 
In Enkhuizen 59 children (66%) returned all forms (or all except the last 
form, containing just four days in July) . In table 7.3 some characteristics 
of the study population are shown. In Deurne the daily average number of 
children contributing a valid form was 239, in Enkhuizen this average was 
58. Thus, symptom prevalence was calculated for nearly the same group of 
children each day. Missing days for an individual child mainly occurred 
on the last day and the first few days. 
Table 7.3 Population characteristics. March 14 - July 4 1989. Children 
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mean (standard deviation) 
number (percentage) of children with a positive response to question 
in the WHO questionnaire (chronic symptom in the last year). 
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In figure 7.2 plots of five of the analysed symptom prevalences for 
the Deurne population versus day of study are shown. Considerable variability 
of daily symptom prevalence occurred. The prevalence of lower respiratory 
symptoms was low, as expected in a general population sample of children. 
There was no downward trend in symptom prevalence over the study period. 
In figure 7.3 plots of the prevalence of cough and LRS for the Deurne 
population versus the ozone concentration of the same day are shown. The 
plots did not suggest a positive association between ozone and symptom 
prevalence. For the other symptoms and the symptoms in Enkhuizen no positive 
association was suggested as well. 
The crosscorrelation function did not show significant positive correla-
tions up to a lag of six days between prevalence and air pollution concentra-
tion. The crosscorrelation function is mainly an identification method 
and has been described as a conservative approach (35) . Therefore, logistic 
regression models were specified in which the concentration of the same 
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Figure 7.3 Prevalence of respiratory symptoms versus same day maximum ozone 
concentration, (a) Cough and (b) Lower respiratory symptoms 
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In table 7.4 the association between the ambient ozone concentration 
and the prevalence of the analysed symptoms is shown. No trend towards 
a positive association was observed. There was also no association of symptom 
prevalence with the concentration level of the measured particle concentra-
tions (Table 7.5). Finally, same day concentration levels of S02 and N02 
were not associated with symptom prevalence. 
Table 7.4 Association of prevalence of acute respiratory symptoms and 
ozone concentration* of the same and previous day. Spring and 
summer 1989 
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coefficient and standard error of the coefficient (*100) from a 
logistic regression model, with the fraction of children reporting 
a symptom as dependent variable and one air pollutant separately as 
independent variable. 
p < 0.10 (approximate probability from a t-test) 
p < 0.05 (approximate probability from a t-test) 
The impact of several potential confounders was examined. Day of the 
week was not significantly associated with symptom prevalence. When day 
of the week was entered as six dummy variables in a logistic regression 
model for the Deurne and Enkhuizen population, none of the coefficients 
was significant. No meaningful patterns, such as differences between week 
days and weekends or increased symptom reports on Mondays (35), were 
found. Inclusion of day of the week in a multiple logistic regression 
model with same day ozone as the exposure variable, resulted in ozone 




















Table 7.5 Association of prevalence of acute respiratory symptoms and 
same day air pollution concentration*. Deurne, summer 1989 
PM10 S042' N03" 
Cough -0.22 (0.10)' -0.38 (0.21)t -0.68 (0.33)* 
Shortness of breath -0.03 (0.31) 2.24 (0.92)* 0.74 (0.94) 
Lower respiratory -0.22 (0.18) 0.47 (0.57) 0.00 (0.56) 
symptoms 
Throat irritation 0.05 (0.16) 0.09 (0.56) -0.16 (0.54) 
Upper respiratory -0.07 (0.06) -0.10 (0.22) -0.26 (0.22) 
symptoms 





coefficient and standard error of the coefficient (*100) from a 
logistic regression model, with the fraction of children reporting 
a symptom as dependent variable and one air pollutant separately as 
independent variable. 
* p < 0.10 (approximate probability from a t-test) 
* p < 0.05 (approximate probability from a t-test) 
Ambient temperature generally showed the same (lack of) associations 
with symptom prevalence as observed for ozone. There were negative asso-
ciations with URS and RESPI. This might be due to comparatively low 
temperatures in March and April 1989, potentially biasing associations 
between ozone and symptom prevalence. However, restricting the study 
period to May and June 1989 did not result in significant positive asso-
ciations between ozone and symptom prevalence. Because of the high corre-
lation between ozone and temperature (Table 7.2), a multiple regression 
model to test for associations with ozone independent of temperature was 
not possible. 
Relative humidity was generally unrelated or positively related to 
symptom prevalence. Inclusion of relative humidity in a multiple logistic 
regression model with same day ozone as the exposure variable, resulted 
in ozone regression slopes that were similar to the unadjusted slopes 
(Table 7.4). 
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There was no downward trend with time of symptom prevalence (Figure 
7.2). Because elevated ozone concentrations only occurred in the last two 
months of the study period, a positive symptom response to ozone might 
have hidden an otherwise decreasing trend with time. Therefore, day of 
study was entered in logistic regression models simultaneously with 
ambient ozone. For none of the evaluated symptoms the coefficient for day 
of study was significantly different from zero. In addition, the ozone 
regression slopes were essentially similar to the unadjusted slopes 
(Table 7.4). 
Results were not changed when the first two weeks and the last day 
were left out of the analysis. For the Enkhuizen population elimination 
of one day with an extremely low ozone concentration did not affect the 
results. The direction and the statistical significance of the associa-
tions obtained with logistic models were similar to those observed with 
linear models, giving confidence in the robustness of the results of the 
analyses. 
The estimated first order autoregressive parameters were between 
0.40 (for headache) and 0.90 (for cough). For shortness of breath, nausea 
and LRS autoregressive coefficients between 0.40 and 0.60 were found. For 
URS, RESPI and eye irritation these coefficients were about 0.80. 
The regression slopes from logistic regression models describing the 
relationship between same day ozone concentration and daily incidence of 
cough, lower respiratory symptoms, upper respiratory symptoms and any 
respiratory symptom were (SE in parentheses) -0.00184 (0.00218), -0.00208 
(0.00318), -0.00204 (0.00166) and -0.00075 (0.00134), respectively. The 
autocorrelation of the residuals from the incidence models was much lower 
than observed for the prevalence models. In fact, it was not even signif-
icant for some symptoms, as observed before in another study (35). For 
cough and lower respiratory symptoms significant autocorrelations of 0.23 
and 0.17 were found. The results observed with the incidence models that 
incorporated an autoregressive parameter in the residuals, were numeri-
cally close to the results found by ordinary logistic regression 
analysis. 
7.5 Discussion 
No association was found between prevalence or incidence of acute 
respiratory symptoms of children living in two rural communities and the 
concentrations of air pollutants during photochemical episodes, charac-
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terized by 1-hour maximum ozone concentrations frequently in excess of 
160 /ig/m3. 
Because autocorrelation of the residuals appeared to be significant 
in the analysis of daily symptom prevalence and incidence, time series 
analyses have been used. Because of the complexity of these methods, 
different models were specified, to test the robustness of the calculated 
coefficients. The estimation of the parameters in the logistic regression 
models generally took three to six iterations to converge. Parameter 
estimates of both intercept and slope were generally similar to a logis-
tic model without incorporating an autoregressive parameter (standard 
errors were not, as expected). The lack of association between air pollu-
tion and symptoms was observed with logistic and linear regression 
models, both incorporating a first order autoregressive parameter in the 
models. Cross correlation functions did not show evidence of significant 
correlations up to a lag of six days. Finally, simple plots of the con-
centration of ozone and other pollutants versus symptom prevalence 
(incidence) did not show an association. 
The role of several confounders has been examined. Ambient 
temperature generally showed the same lack of associations with symptom 
prevalence as ozone. Restriction of the analysed study period to May and 
June to allow for the potential influence of low temperatures early in 
the study period, did not change results. This restriction would also 
eliminate any potential differences in reporting between the beginning 
of the study and the remaining days. 
In several panel studies symptom reporting has been observed to 
decrease with time (11,33,34). Plots of symptom prevalence versus time 
did not reveal a downward trend for this population. An evaluation of all 
19 schools studied between 1987 and 1990, did show a decreasing trend of 
the prevalence of most symptoms with time (chapter 9). It is not clear 
why the population studied in 1989 did not show this downward trend. When 
day of study was entered in logistic regression models simultaneously 
with ambient ozone, the ozone regression slope was similar to the 
unadjusted slope. 
Day of the week and daily average relative humidity also did not 
change the association between ozone and symptom occurrence. 
Several factors other than lack of a symptomatic response of the 
children to ambient ozone, might explain the lack of association. First, 
the parents reported symptoms for their children. They may not have noted 
or reported minor symptoms of their children. Second, the prevalence of 
lower respiratory symptoms was low because of the generally healthy study 
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population. Perhaps in a panel of asthmatic children, associations of 
ozone and lower respiratory symptoms may be found. Third, because 
children presumably spent a considerable amount of time indoors, random 
error of exposure measurement will have occurred. Random errors in expo-
sure measurement may give rise to a bias towards to the null of estimated 
regression slopes. 
Due to a new smog alert system, there has been much publicity in the 
mass media about the air pollution episodes. Apparently, this did not 
cause significant bias towards an association between ozone and symptoms. 
Cohen et al. also did not find reported symptom differences between a 
well publicized and an unpublicized air pollution episode in New York 
with similar concentration levels in both episodes (42). 
In the same children pulmonary function has been measured repeatedly 
using spirometry. A significant negative association between the ambient 
ozone concentration of the previous day and expiratory volumes and flows 
was observed (43) . The observation of pulmonary function decrements with-
out a symptomatic response, is consistent with three controlled exposure 
studies with children. In these studies small pulmonary function decre-
ments, but no respiratory symptoms were observed after exposure to 0.12 
ppm pure ozone, ambient air containing 0.11 ppm and 0.14 ppm ozone on 
average respectively (17-19). In most summer camp studies no evaluation 
of acute respiratory symptoms has been made or reported. Spektor et al. 
(24) also reported no symptomatic response to elevated ambient ozone. In 
contrast, two other epidemiological studies did suggest increased symp-
toms of children associated with elevated ambient ozone concentrations 
(26,27). However, the summer camp study involved only 14 children and the 
statistical significance of the symptom increases was not reported (26). 
No association of the ozone concentration and acute symptoms was observed 
for twenty young adults (26). The authors of the study in Mexico City ex-
pressed concern about the reliability of the symptom reports by the 
children (27). If the association reflected a symptom response, other 
pollutants of the photochemical mixture than ozone in the polluted city 
may have been responsible. 
The implications of these findings are not clear. An implication may 
be that if children do not perceive mild symptoms, they may not restrict 
their activity level when playing outdoors during photochemical episodes, 
as has been suggested before (19). Thus more extensive lung impairment 
may occur in children due to exposure to photochemical air pollution. 
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In conclusion, photochemical air pollution episodes with 1-hour 
average ozone concentrations frequently exceeding 160 fig/m3, were not 
associated with increased acute respiratory symptoms of children. 
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8.1 Abstract 
To evaluate potential effects of elevated ambient ozone concentrations 
occurring in the Netherlands, Peak Flow (PEF) of exercising children has 
been measured repeatedly. Peak Flow was measured with Mini-Wright Peak 
Flow Meters, both before and after outdoor sports training. The relationship 
between PEF and ozone was investigated, using individual regression analysis. 
The difference of Peak Flow after and before the training (5PEF), and the 
PEF after the training, were used as dependent variables. The ozone concentra-
tion during the training, and the 1-hour maximum ozone concentration of 
the same and the previous day, were used as independent variables. The 
highest observed 1-hour maximum ozone concentration was 236 /zg/m3. 5PEF 
was unrelated to the ambient ozone concentration during the training. Peak 
flow measured after the training was positively correlated with ambient 
temperature. Due to the high correlation between ozone and temperature, 
it was not possible to evaluate effects of the maximum ozone concentration 
of the same day on peak flow after the training. A small negative association 
of borderline statistical significance between peak flow after the training 
and previous day maximum ozone was observed. 
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8.2 Introduction 
Elevated ambient ozone concentrations have been associated with effects 
on the respiratory system (1,2). Effects on pulmonary function, respiratory 
symptoms, airway responsiveness, mucociliary clearance and biochemical 
markers of inflammation have been shown in controlled human and animal 
studies (1,2). These studies document that higher levels of exercise and 
a longer exposure duration increase pulmonary effects of ozone. A number 
of epidemiological studies have shown negative associations between pulmonary 
function and elevated ambient ozone concentrations (3-9). Most of these 
epidemiological studies have been performed in the United States and Canada 
(3-8). Children involved in summer camp outdoor activities were studied 
in four of these investigations (3,6-8). The results of these summer camp 
studies are not unambiguous. Two recent summer camp studies have not been 
able to show clear negative associations of pulmonary function with ambient 
ozone (10,11). Some older epidemiological studies document health effects 
associated with oxidants in Japan (9). Little is known about the occurrence 
of health effects associated with ambient ozone in North-Western Europe. 
Differences in climate, industrial and agricultural practices may lead 
to a different air pollution mix during photochemical episodes. These factors 
prompted us to initiate a series of epidemiological studies aimed at investi-
gating the potential health effects of summer and winter air pollution 
episodes (12). In the framework of this project, we conducted a study of 




All participating children were active members of a sports club in 
Wageningen, a non-industrial community in the east part of the Netherlands. 
All children from a number of teams of a tennis, korfball (a game resembling 
basketball), athletics and baseball club were invited to participate in 
the study. From a total of 92 children eligible for the study, 83 children 
(90%), 43 girls and 40 boys, participated. Reasons for non-participation 
were no permission from the parents and no training visit during the study 
period. Among the non-participating children were five boys and four girls. 
No other information was available from these children. Bias due to non 
response would only be possible if "ozone responders" would selectively 
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have refused to participate. The participating children were between 7 
and 12 years old (mean 9.9, standard deviation 1.6 years). 
The parents of 78 children completed a standard respiratory symptoms 
questionnaire (13). Eleven children reported wheezing, five children reported 
attacks of shortness of breath with wheezing and two children reported 
doctor-diagnosed asthma during the last 12 months. These numbers were 
considered too small to evaluate potential differences in response between 
children with and without chronic respiratory symptoms. 
8.3.2 Sports activities 
Peak flow was measured before and after regular training activities 
in the open air. The duration of the training was 1 hour for athletics, 
1.5 hour for baseball, 45 minutes for korfball and 25 or 55 minutes for 
tennis. Training of technical abilities formed a major part of the training, 
especially for tennis and baseball. Other activities were short games with 
higher exercise intensity. Thus, the exercise levels were considered to 
be low to moderate. Eighty-seven percent of the measured sport activities 
started after 4 p.m. Therefore, the peak flow measurements included the 
time of day when the highest ozone concentrations occur during photochemical 
episodes (2,14). 
8.3.3 Peak flow measurements 
Peak Expiratory Flow Rate (PEFR) was measured with Mini-Wright Peak 
Flow Meters. We decided to measure peak flow only instead of full spirometry 
because of the simplicity and speed of the measurement. Moreover, in several 
summer camp studies peak flow has shown the largest response among the 
pulmonary function variables (3) . Measurements were performed in the open 
air immediately before and after a training. Measurements were made according 
to a predetermined scheme, independent of the actual air pollution con-
centrations . Children were measured between 2 and 11 times. During each 
test a child performed at least 3 maneuvers and the maximum peak flow was 
selected, according to the protocol of the ECCS (15). From 55 children 
four or more measurements of peak flow both before and after the training 
were obtained. Sixty-five children contributed four or more peak flow 
measurements after the training. The average number of tests for these 
children was 5.7. 
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8.3.4 Exposure data 
All aerometric measurements were performed in Wageningen. Ozone and 
nitrogen oxides concentration levels were obtained from the National 
Monitoring Network (16) . Ozone is measured at one site in Wageningen with 
a continuous chemiluminescence Philips PW 9771/00 monitor in this network. 
The site is considered a background site of the National Monitoring Network. 
It is located on the edge of the town, away from busy roads, within five 
kilometers of the sports sites where the Peak Flow measurements were 
performed. None of the sports sites was strongly influenced by local pollution 
sources such as traffic. 
Additional measurements of other components were made at the sites 
of the sport clubs during and before the training activities when high 
ozone concentrations were expected. Fine particulate matter (D50 -2.5 fim) 
was measured with a cyclone operated at a flow rate of 80 1/minute (17). 
Samples were taken from 14 till 18 hour. The sulfate content of fine 
particulate matter was determined by analyzing double distilled water extracts 
of the teflon filters using the sulphonazo analysis method (18) . Data on 
ambient temperature and relative humidity were obtained from a site, close 
to the National Monitoring Network site, operated by the Meteorology Depart-
ment of our university. 
8.3.5 Statistical analysis 
To evaluate potential effects of exposure to photochemical air pollution 
during the training, the difference of peak flow before and after the training 
was used as a response variable. To evaluate potential effects of exposure 
before and during the training, the peak flow level after the training 
was used as another response variable. Maximum temperature and 1 hour maximum 
ozone concentrations were used as independent variables. 
The relation between peak flow difference and ozone concentration 
during the training was investigated with individual linear regression 
analysis. For each child, having 4 or more valid observations, a linear 
regression analysis was performed. The distribution of individual regression 
coefficients was then evaluated. The same approach was used for evaluating 
the relation between peak flow level after the training and maximum ozone 
concentration of the same and previous day. 
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8.4 Results 
From 24 May to 14 July 1989, a total of 430 peak flow measurements 
were made. To characterize the reproducibility of the peak flow measurements 
for each child, the coefficient of variation (CV) was calculated. The average 
CV value was 5.2%, the highest individual value being 12.7%. The average 
Peak Flow of the children was 330 1/min (SD 66 1/min). 
To evaluate potential confounding effects of day of study independent 
of air pollution, the distribution of individual regression coefficients 
resulting from a linear model of peak flow and day of study was calculated. 
Mean and median of the regression coefficients were not significantly 
different from zero, indicating no confounding effect of day of study. 
In figure 8.1 the 1-hour maximum ozone concentrations are shown for 
the study period. All hourly concentrations were below 240 ng/m3, the current 
air quality guideline in the Netherlands. During 18 days, the proposed 
guideline of 160 /ig/m3 was exceeded. Perhaps more importantly, during 12 
days, the 8 hour maximum ozone concentration exceeded 160 /zg/m3. The Pearson 
correlation coefficient between the ozone 1-hour and 8-hour maxima was 
0.99, with the 8-hour maximum being 90% of the 1-hour maximum on average. 
Therefore, in subsequent analyses only the 1 hour maximum ozone concentration 
was used as ozone exposure variable. The highest 24-hour average nitrogen 
dioxide concentration was 51 iig/m3. The highest observed 4-hour average 
PM2 5 mass concentration was 70 fjg/m3, the highest 4-hour average sulfate 
concentration 21 /zg/m3. Concentration levels of acid aerosols measured with 
annular denuder systems at 3 other locations in the Netherlands were low 
(12 hour average concentrations < 5 ttg/m3, expressed as sulfuric acid). 
This is probably due to neutralization by the high ammonia concentrations 
observed in the Netherlands. There is no reason to expect that acid aerosol 
levels in Wageningen were higher than at the 3 other sites. Therefore, 
only ozone was used in evaluating relations between photochemical air 
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Figure 8.1 One-hour maximum ambient ozone concentration in Wageningen: 
May, 24 - July, 14 
The average 5PEF was -3.8 1/min (SE, 1.2 1/min) , indicating that after 
exercise, PEF was significantly lower (p = 0.001) than before exercise. 
In table 8.1 the relation between the ozone concentration during the training 
and SPEF is shown. Since the duration of the training activities was different 
for the different sports clubs , the product of duration and ozone concentra-
tion was also used as an independent variable. Neither of the two ozone 
exposure variables were significantly correlated with the response. Also, 
no correlation with ambient temperature was observed. The mean regression 
coefficient for the children from the two clubs with relatively the highest 
exercise levels was 0.049 1 .min"1./jg"1.m3 (SE 0.043), also indicating no 
association with ozone. 
Table 8.1 Association between SPEF1 of exercising children and ambient 
ozone concentration during exercise and temperature. Mean (s.e. 
mean) of individual regression coefficients. Wageningen, the 
Netherlands, summer 1989. N = 55 children 










PEF after training minus PEF before training (1/min.) 
concentration during the training (^ ig/m3) 
•c 
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In table 8.2 the results of the linear regression analysis of the 
peak flow after the training and 1 hour maximum ozone concentration of 
the same and the previous day are shown. 
Table 8.2 Association of exercising children's Peak Flow1 with ambient 
1-hour maximum ozone concentration (/jg/m3) of the same and 
previous day and ambient temperature (°C) . Mean (se) of 
individual regression coefficients. Wageningen, the Netherlands, 
summer 1989. N = 65 children 
Exposure variable Mean (se) Median 
Ozone same day 0.080* (0.023) 0.092 
Ozone lag 1 day 0.026 (0.033) 0.046 
Temperature 0.93* (0.22) 0.73 
1
 Peak Flow measured after the training (1/min.) 
* p < 0.05 (two-sided t-test) 
A positive correlation with same day ozone was observed. This may 
have resulted from the observed positive correlation of temperature with 
both ozone and Peak Flow. The average correlation of temperature was 0.86 
and 0.57 with same day and previous day ozone respectively. Due to the 
high correlation between ozone and temperature, it was difficult to adjust 
the ozone-Peak Flow association for temperature effects. Adjustment was 
made by including both ambient temperature and ozone in the individual 
regression model. First, all children were included in this analysis. Next, 
only children with Pearson correlation coefficients between temperature 
and ozone concentration of less than 0.90, 0.80, 0.70, 0.60 and 0.50, 
respectively, were included. For the children remaining in the analysis, 
the potential for unreliable ozone coefficients due to collinearity decreases. 
The results of these analyses are shown in table 8.3. 
Few children remained for the evaluation of same day ozone effects. 
After adjustment for temperature, a negative association of borderline 
statistical significance was found for previous day ozone, in the sample 
of children with temperature-ozone correlations less than 0.7. 
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Table 8.3 Association of exercising children's Peak Flow1 with ambient 
1-hour maximum ozone concentration (/ig/m3) of the same and 
previous day adjusted for ambient temperature (°C). Mean (se) 
of individual regression coefficients. Wageningen, the Nether-
lands , summer 1989 
All 
R < 0.90' 
R < 0.80 
R < 0.70 
R < 0.60 




























































Peak Flow measured after the training (1/min.) 
1 obvious outlier with a coefficient of -6 1/min. per /ig/m3 removed. 
This coefficient was more than 6 times larger than the next highest 
coefficient and would predict a peak flow decrement of 1440 1/min 
at a concentration of 240 fig/a3 
only children included with Pearson correlation coefficients between 
temperature and ozone less than 0.9 
p < 0.10 (two-sided t-test) 
p < 0.05 (two-sided t-test) 
8.5 Discussion 
The difference of children's peak flow before and after sports training 
was unrelated to the ambient ozone concentration during the training. Peak 
flow measured after the training was positively correlated with ambient 
temperature. Due to the high correlation between ozone and temperature, 
it was not possible to evaluate effects of the maximum ozone concentration 
of the same day on peak flow after the training. A small, negative association 
of borderline significance between peak flow after the training and previous 
day maximum ozone was observed. 
The most important finding of the study was the lack of association 
between children's peak flow difference before and after training sessions 
and ambient ozone concentration during that training. Because the training 
lasted only about one hour, ambient temperatures were similar before and 
after the training. Therefore, the peak flow difference was not confounded 
by the temperature effects noted for the peak flow measurements after and 
before the training. Using the observed standard error of this study and 
the average Peak Flow of the children, it can be calculated that a response 
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of 4% to an ozone concentration of 240 /ig/m3 would have been detected as 
a statistically significant decrease. The findings of this study are in 
contrast with a study of adults exercising outdoors for an average of 30 
minutes (5). In that study with a similar ozone concentration range, a 
similar number of lung function tests, but probably higher exercise levels, 
negative associations between ozone and pulmonary function, including peak 
flow were observed (5). Some recent human controlled studies have also 
documented pulmonary function decrements after multi-hour exposure to 160, 
200 and 240 /ig/m3 ozone in moderately exercising adults (20,21) . A clinical 
study with children as subjects showed a pulmonary function drop of less 
than 5 percent for FVC, FEVj
 0, PEF and MMEF after exposure to 240 /ig/m3 
ozone during two hours of vigorous exercise (22) . When compared to Hazucha's 
review of clinical studies with adults (23), there is little evidence that 
2 hour exposure to ozone concentrations less than 400 /ig/m3 with light or 
moderate exercise leads to a pulmonary function decrease. Evaluation of 
the data from the EPA controlled-exposure studies suggests that at 160 /ig/m3 
after 4 hours and at 240 /ig/m3 after two hours, a pulmonary function drop 
can be detected (20,21,24). 
Explanations of the negative findings of our study probably include 
low exercise levels, relatively short expo.-.ure duration, pre-exposure before 
the training and, possibly, low levels of acid aerosol. Although we did 
not measure minute ventilations nor heart rates, observation of activities 
suggested relatively low exercise levels. Training of technical abilities 
formed an important part of the training, followed by short games with 
higher exercise levels. Probably exercise levels were more or less comparable 
to levels observed during summer camps with organized outdoor activities 
(25) . It has been suggested that acid aerosols potentiate pulmonary effects 
of ambient ozone (2). As has been noted before (19), concentration levels 
of acid aerosols in the Netherlands were low. 
Although the study design clearly had limitations in characterizing 
exercise levels, it did represent a real-life situation and as such adds 
information useful for evaluating the public health effects of elevated 
ambient ozone concentrations. The situation studied does not represent 
a worst-case situation. Among subgroups of the population with probably 
higher ozone doses are amateur and professional cyclists and workers engaged 
in outdoor manual labor. 
A significant positive correlation for same day ozone and a non-signifi-
cant positive correlation for previous day ozone with Peak Flow after the 
training was found. These associations may have resulted from the positive 
correlation of measured Peak Flow with ambient temperature. In most summer 
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camp studies correlations of pulmonary function with temperature were negative 
or absent. Perhaps, the correlation observed in this study is due to charac-
teristics of the mini-Wright meter. In the temperature range of this study 
(14 to 31 °C) physiologic temperature effects are unlikely (8). Also, given 
the small dimensions of the instrument we do not expect it to significantly 
influence the temperature of the exhaled air. Therefore the BTPS correction 
formula, commonly used in spirometry, has not been applied. The estimated 
mean coefficient of 0.93 1/min. peak flow increase per 'C (Table 8.2) would 
imply a peak flow increase of 4.8Z when temperature increases from 20 to 
37 °C. BTPS correction would amount to a 10.2% increase from 20 to 37 °C. 
In a small experiment with 7 adults we noticed that 2.7% higher readings 
were obtained with a meter kept at 37 °C compared with the same Mini-Wright 
meter at 20 'C. The results of this experiment may not be entirely representa-
tive for children having lower peak flow levels . Within the study population 
of children, no relation between the level of peak flow and the temperature 
coefficient was noted. Recently, a positive correlation between peak flow 
and indoor temperature has been reported, although the authors interpreted 
their findings as suggestive of a physiological response (26). 
Therefore, we considered it necessary to adjust for ambient temperature. 
Due to the high correlation between (especially) same day ozone and tempera-
ture, the possibility of unstable regression coefficients due to collinearity 
existed. When children with high correlations between temperature and ozone 
were excluded, few children remained in the dataset to evaluate same day 
ozone effects. Due to the lower correlation between previous day ozone 
and temperature at the time of the test, sufficient numbers of children 
remained in this analysis. There was some indication of a negative association 
between PEF and previous day ozone. It is difficult to judge whether this 
observed negative association is a chance finding among many statistical 
tests or represents a response to ambient ozone. It should be noted that 
the subsequent deletion of children from the dataset do not represent 
independent statistical tests. Comparing the standard errors of the mean 
of the individual regression coefficients between unadjusted and adjusted 
analyses suggests that (near) collinearity was probably not an issue for 
the restricted samples. 
Using the observed standard errors of this study and the average Peak 
Flow of the children, it can be calculated that a response of 9% for same 
day and 5% for a previous day ozone concentration of 240 /*g/m3 would have 
been detected as a statistically significant decrease. Mean coefficients 
from individual regression analysis of PEF with same day 1-hour maximum 
ozone concentration from three summer camp studies (6,3,27) were respectively 
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-1.50, -2.40 and -1.50 ml.s'^g"^3. In this study the same day mean ozone 
regression coefficient was -1.1 ml.s_1/jg~lm3 (0.065 l.min~1.jig~1-ni3) . somewhat 
lower than observed in the summer camp studies. The previous day ozone 
coefficient of -0.9 ml.s'Vg"1™3 (-0.054 l.min"1./jg"1.m3) can be compared 
to a value of -0.66 ml.s'Vg"1"'3 from a recent summer camp study (27) . These 
comparisons suggest that the power of our study to detect small pulmonary 
function decreases was less than in the cited summer camp studies, but 
not unacceptably low. 
Persistent effects of exposure to ozone have been shown for a number 
of endpoints including pulmonary function decrement (28), symptoms (29), 
hospital admissions (30) and inflammation (31) . From clinical studies there 
is no indication for a delayed response, but it may be that the observed 
association with same day ozone in this study has been obscured by temperature 
effects. 
If the association between previous day ozone and Peak Flow is 
interpreted as causal, the estimated coefficient predicts a decrement of 
approximately 4 percent at a 1-hour maximum ozone concentration of 240 
/ig/m3, the current ambient air quality guideline in the Netherlands. In 
the same period repeated measurements of pulmonary function of primary 
schoolchildren were performed using spirometry (12). In this study we also 
observed a significant negative correlation between previous day ozone 
with pulmonary function including Peak Flow (32,33). 
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9.1 Summary 
During three consecutive winters the effects of air pollution episodes 
on respiratory health of more than 1000 children living in four non-industrial 
communities in the Netherlands have been investigated. Each child performed 
between six and ten pulmonary function tests on predetermined days. The 
occurrence of acute respiratory symptoms of the children was registered 
in a daily diary filled out by the parents for the three months study period 
of the child. Exposure to air pollution was characterized by the ambient 
concentration of sulfur dioxide, nitrogen dioxide, PM10, fine particle 
sulfate, fine particle nitrate and nitrous acid. No major winter air pollution 
episode occurred during these winters. Concentrations of acid aerosol were 
low. A weak negative association between the concentration of nitrogen 
dioxide, PM10, aerosol sulfate, aerosol nitrate and nitrous acid and pulmonary 
function was found. Sulfur dioxide concentration was not associated with 
pulmonary function. No association of the concentration of the measured 
pollutants with daily incidence and prevalence of acute respiratory symptoms 
was found. 
9.2 Introduction 
Several recent studies have documented small health effects at concen-
tration levels of wintertime air pollutants near or even below current 
air quality guidelines, recommended by WHO (1). Observed health effects 
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included increased mortality (2,3), increased hospital admissions (4-6), 
increased respiratory symptoms (7-10), increasedbronchodilator use (8,10) 
and small pulmonary function decrements (8,10-13). In most of these studies 
exposure was characterized by the ambient concentration of indicator 
pollutants measured at a fixed site of an air quality monitoring network. 
Between October 1987 and March 1991, an epidemiological study has 
been performed of the effects of air pollution episodes on pulmonary function 
and acute respiratory symptoms of children living in the Netherlands. More 
than 1000 children were sequentially included in the study. More detailed 
exposure information than in our earlier studies (12,13) was obtained by 
inclusion of measurement of PM10 and acid aerosol on a near daily basis. 
This enabled us to investigate the impact of potentially more health relevant 
pollutants in addition to frequently used indicator pollutants, such as 
S02. A second purpose of the study was to evaluate the potential bias 
occurring in our earlier episode studies (12,13) by time trends unrelated 
to air pollution. Such trends might occur because of fatigue or a learning 
effect. 
9.3 Methods 
9.3.1 Study population 
The study period included four consecutive winters, starting with 
the winter of 1987/88. The results of the studies performed during the 
winter of 1990/91 have been reported separately (10,11), because only in 
this winter a moderate winter episode occurred. This paper contains the 
results of the data collected in the winters of 1987/88, 1988/89 and 1989/90. 
The children were selected from three non-industrial communities 
(Deurne, Enkhuizen and Venlo) and one city (Nijmegen). The main interest 
of the study was into secondary pollutants and thus populations some distance 
away from source areas were selected. Two schools in the inner city of 
Nijmegen - a city of 150.000 inhabitants - were selected in the last winter, 
because of a growing interest in traffic related urban air pollution. In 
Deurne all schools participated in the study, some of them during two summer 
periods, reported elsewhere (14). In the other towns schools were mainly 
selected for sufficient size and absence of major sources in the vicinity. 
All children from grades four through seven were invited to participate 
in the study (age seven through eleven). In the first winter three schools 
were studied sequentially in Deurne for approximately 10 weeks. Five weeks 
after the start of one school, the next school was entered into the study. 
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In the second winter three other schools in Deurne were studied, using 
the same protocol. In addition, one school in Enkhuizen was studied. In 
the third winter two schools were studied in Nijmegen and three schools 
in Venlo. At four of these schools the study was started within one week. 
One school in Venlo was included in the study one month later, because 
permission was obtained late. In table 9.1 the study periods and population 
sizes have been summarized. 
The parents of the children were asked to fill in a self-completion 
version of WHO's children's questionnaire for chronic respiratory symptoms 
(15) . With the questionnaire information about respiratory allergy of the 
child was gathered as well. 
Table 9.1 Population characteristics of a three year study on the effects 
of winter air pollution on respiratory health of Dutch children 
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(5 - 8) 
(46%) 
1
 number of participating children (response rate) 
2
 number of children with more than four valid pulmonary function tests; 
percentage of participating children in parentheses; for the third 
winter calculated from the children where frequent repetition of testing 
was performed, excluding 118 children from the two baseline-episode 
schools 
3
 mean and range of number of valid pulmonary function tests 
4
 number of children handing in all two-weeks diary forms; percentage 
of participating children in parentheses. Data from one small school 
(N = 59) not included 
9.3.2 Pulmonary function testing 
Pulmonary function tests (spirometry) were performed on a regular 
basis, independent of the expected air pollution concentrations for ten 
of the twelve schools. The children in Deurne were tested on ten different 
days with an interval of one week between successive tests. For logistic 
reasons the children in Enkhuizen were tested on six days, with an interval 
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of three weeks between successive tests. Children from two schools in Venlo 
were also tested six times with an interval of three weeks and children 
from one school in Nijmegen eight times with an interval of two weeks. 
When daily average S02 concentrations higher than 125 Mg/m3 o r daily average 
N02 concentrations higher than 90 /xg/m3 were predicted using the weather 
forecast and dispersion modelling, additional pulmonary function tests 
were planned. Due to unusually mild weather conditions, this did not occur 
during the three winters discussed here. 
Children from one school in Venlo and one school in Nijmegen were 
tested with the protocol used in our earlier studies (12,13), to enable 
evaluation of the potential impact of study design on the pulmonary function 
changes observed during episodes and follow up tests. These children underwent 
a baseline test, a (sham) episode test 2.5 months later and a follow up 
test, 2 weeks after the episode test. 
Pulmonary function testing was performed during the schoolyear in 
the schools of the children. All tests were performed between 8.30 am and 
3.30 pm. Each child was generally tested about the same time of the day, 
since the order of testing the four grades was usually the same each test 
day. 
Spirometry was performed according to the protocol of the ECCS (16). 
A detailed description of our protocol has been provided before (17). A 
rolling-seal dry spirometer (Vicatest 5) coupled with automatic data acquisi-
tion software has been used. From a minimum of three valid expiratory 
maneuvers the highest forced vital capacity (FVC) , forced expiratory volume 
in one second (FEVX 0) and peak flow (PEF) were selected. The highest maximal 
mid-expiratory flow (MMEF) was selected from a maneuver with a FVC within 
5% or 100 ml of the highest FVC. Thus, the selected pulmonary function 
values could be obtained from different curves. All pulmonary function 
data fulfilling the general acceptability criteria of the ECCS (such as 
no hesitant start, no early termination of the maneuver) were used in the 
analysis, including tests for which the highest FVC or FEVX 0 was more than 
5% or 100 ml larger than the second highest. This is in agreement with 
recommendations of the ATS (18). 
9.3.3 Acute respiratory symptoms diary 
The occurrence of acute respiratory symptoms of the children was 
registered by their parents in a diary. The parents had to report either 
the code for "no symptoms/healthy" or the code(s) for the specific symptom(s) 
each day. The symptoms included in the diary were hoarseness, cough, cough 
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with phlegm, wheeze, runny/stuffed nose, aching throat, shortness of breath, 
chest tightness, eye irritation and sneezing. A number of non-respiratory 
symptoms (earache, headache, nausea, fever, ill home) was included as well. 
To promote daily reporting of symptoms, the child had to return a diary 
form at school every two weeks. Since diaries were handed out in the schools 
during the first pulmonary function test day, all children of a specific 
school received the diary about the same day and finished about the same 
day, as well. 
To reduce the number of calculations and obtain higher frequencies 
of symptom occurrence, symptoms combinations were defined, base on Monto 
et al. (19). An upper respiratory symptom (URS) was defined as the presence 
of sneezing or runny/stuffed nose. A lower respiratory symptom (LRS) was 
defined as the presence of wheeze, chest tightness, shortness of breath 
or phlegm production. Cough occurrence was analyzed separately, because 
it has been considered both an upper and a lower respiratory symptom (19). 
Finally, the presence of any respiratory symptom (RESPI) was analysed. 
Both daily symptom prevalence (8,9) and symptom incidence (20) have 
been analyzed in previous panel studies. Advantages of analyzing symptom 
incidence include the lower autocorrelation and potential differential 
effects of air pollution on first occurrence and duration of symptoms (20) . 
A disadvantage in a predominantly healthy children population is that the 
number of incident cases is small. Therefore, both symptom prevalence and 
incidence have been analyzed. 
Daily prevalence was calculated as the fraction of children for whom 
each symptom was reported. Incidence was defined as the number of children 
with a new occurrence of a symptom divided by the number of children at 
risk for developing a new symptom. Children were considered to be at risk, 
if they did not have the symptom the two previous days (19). To prevent 
potential bias from different compositions of the study population, only 
children who contributed all two weeks' forms were included in the analyses. 
Prevalence and incidence were calculated for each school separately 
for the children participating in the first two winters, because the study 
periods did not coincide. Data from the two schools in Nijmegen and two 
of three schools in Venlo were merged before daily prevalences (incidences) 
were calculated, in order to increase the population size and reduce the 
number of calculations. The diary data from the third school (a baseline-
episode -follow up school with 59 children) in Venlo were not analyzed, 
because the school started one month later than the other two schools in 
Venlo and diary completion was poor. Thus, analyses of the association 
between air pollution and daily symptom prevalence (incidence) have been 
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performed for nine separate populations: six in Deurne, one in Enkhuizen, 
one in Venlo and one in Nijmegen. 
9.3.4 Exposure assessment 
Information about the ambient concentrations of sulfur dioxide and 
nitrogen dioxide was obtained from the nearest background site of the National 
Air Quality Monitoring Network. Sulfur dioxide (S02) and nitrogen dioxide 
(N02) were measured with continuous monitors based on fluorescence and 
chemiluminescence, respectively (21). In Nijmegen the monitors were operated 
by the Department of Air Pollution at a site in the inner city, that was 
not close to a major road. In addition, measurements of PM10 and acid gases 
and aerosols have been performed in the towns of the children. Measurements 
of twenty four hour average (3 pm to 3 pm) concentrations of PM10 were made 
with an instrument based on inertial impaction (22), with an inlet design 
similar to the Sierra Andersen 241 dichotomous sampler. No separation in 
fine (< 2.5 ^ jm) and coarse particles (> 2.5 fim) is accomplished with this 
sampler. The performance of the sampler was compared to the Sierra Andersen 
inlet in a series of 33 collocated measurements at a site in non-industrial 
Wageningen. The estimated regression equation was 6.0 + 0.90*Sierra-PM10 
(r = 0.93) . Twelve hour average (7 am to 7 pm) measurements of acid aerosol 
were made using an annular denuder filter pack (23) . The system consisted 
of an impactor, two sodium carbonate coated denuders, one citric acid coated 
denuder and a filter pack with a teflon and nylon backup filter. From the 
denuder measurements the concentration levels of gaseous nitrous acid (HONO), 
fine particle sulfate (S042~) , nitrate (N03~) and aerosol strong acidity 
have been used. 
In Deurne in the second winter and in Venlo measurements of acid aerosol 
and PM10 were made on a near daily basis. For logistic reasons, in Enkhuizen 
and Nijmegen sampling was only performed on the day before a pulmonary 
function test day and/or the day itself. 
Data on minimum ambient temperatures and daily average relative humidity 
were obtained from the (nearest) sites Vredepeel and Wieringerwerf of the 
National Air Quality Monitoring Network. 
Because the statistical analysis method used for analyzing symptom 
lata is sensitive to missing data, the few missing S02 and N02 concentration 
data were replaced by data from other nearby sites of the National Air 
Quality Monitoring Network, which seems reasonable considering the rural 
character of most of the sites. Missing S02 concentration data from Nijmegen 
were replaced using a regression model of the concentration data from the 
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city and the nearest rural site (correlation was 0.90). Missing N02 concentra-
tion data from Nijmegen were replaced using a regression model of the concen-
trations measured at the city background and a street station from the 
National Air Quality Monitoring Network (correlation was 0.76). PM10 and 
denuder component concentration data were not available from other sites. 
For these components a linear interpolation between days with non-missing 
concentration data was performed, using the SAS-procedure PROC EXPAND. 
This approach makes use of the relatively high autocorrelation of daily 
air pollution concentrations. For the Venlo site the first order autocorrela-
tion coefficient was about 0.50 for most components. The interpolation 
procedure was only applied for symptom analyses of the Deurne and Venlo 
populations, where near daily data were collected. For these two populations 
PM10 concentration data were available for 89% of the days, denuder data 
for 76% of the days. When holidays were excluded, PM10 was available for 
96% of the days and denuder data for 84% of the days. For the holiday periods, 
interpolated concentrations were slightly below the mean concentration, 
which was qualitatively expected from the mild weather. 
9.3.5 Statistical analysis 
The association between pulmonary function and air pollution was 
assessed by performing linear regression analyses for each individual child. 
The second stage involved evaluation of the distribution of the individual 
regression slopes. Unweighted mean slopes were calculated. Only the data 
of children with more than four valid observations of both air pollution 
and pulmonary function, were included in the analysis. All regression models 
included the number of days since the start of the study to adjust for 
lung growth and potential other trends of pulmonary function (24) . To avoid 
collinearity only children for whom the absolute value of the Pearson correla-
tion coefficient between air pollution concentration and day of study was 
less than 0.80 were included in the analysis. 
In addition to calculating population mean slopes, it has been explored 
whether the magnitude of the slope depends on factors such as age, gender, 
presence of chronic respiratory symptoms and presence of indoor sources 
of air pollution (smoking, presence of unvented gas appliances and dampness 
of the home). This has been analyzed with'a multiple linear regression 
model, with the slope as the dependent variable and the mentioned factors 
as independent variables. 
Finally, an analysis of the variability of the individual slopes has 
been conducted, in order to detect potential heterogeneity of response 
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between individual children. The analysis method has been described before 
(14,25) . With this method the ratio of the observed variance of individual 
slopes to the expected variance due to random error is compared to an F 
distribution. 
After several preliminary analyses, including plots of symptom 
prevalence (incidence) versus time and exposure, the association between 
acute respiratory symptoms and air pollution was evaluated with a time 
series analysis using the methods of the Box-Jenkins approach (26,27). 
The autocorrelation and partial autocorrelation function of prevalence 
(incidence) data were evaluated - using the SAS-procedure ARIMA- to identify 
the nature of the autocorrelation process. A first order autoregressive 
model described the autocorrelation process sufficiently. Crosscorrelation 
functions after prewhitening (26,27) were calculated to obtain information 
about the most relevant lag between air pollution and symptom prevalence. 
The crosscorrelation functions did not show clear associations at any lag. 
We decided to consider only same day and previous day pollution concentration. 
The final model that was evaluated was a logistic regression model with 
prevalence (incidence) as the dependent variable, one pollutant concentration 
as the independent variable and a first order autoregressive parameter 
to describe the autocorrelation in the residuals. These analyses were 
performed with the SAS-procedure MODEL in combination with the %AR-macro. 
The Durbin Watson statistic was evaluated to check whether the residuals 
showed any remaining autocorrelation. 
After some preliminary calculations, it was decided to include day 
of study as a confounder in the final model, since for most schools a decrease 
of prevalence was found (Figure 9.1). Figure 9 .1 was obtained by calculating 
the mean prevalence by day of study (defined as the number of days since 
the start of the study for that school) of each of the 19 schools that 
participated in the entire study (including two summer periods). Figure 9.1 
suggests that day of study is an independent factor associated with preva-
lence. On the basis of a priori assumptions and some preliminary models, 
minimum ambient temperature was entered in the regression models, as well. 
Relative humidity did not affect associations between pollution and symptoms 
in the preliminary models and was therefore not included in the model. 
From the logistic regression slopes calculated for each of the 9 
populations a weighted mean slope was calculated. The inverse of the variance 
of the regression slope was used as the weight. The standard error of the 
weighted mean was calculated as the square root of the inverse of the sum 
of the weights (28). For ease of interpretation, the logistic regression 
slopes have been transformed into Odds Ratios associated with a meaningful 
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change in concentration. The mean plus two times the standard deviation 
of the air pollutant concentration was considered a meaningful change. 
For the final analysis rounded numbers were used. For S02 and N02 50 /*g/m3 
was thus selected, for PM10 100 Mg/m3- F o r HONO 5 /Jg/m3 and for S0A2" and 
N03" 20 /ig/m3. Logistic regression models for N02 and S02 were estimated 
for all nine populations, for the other pollutants only for the four 
populations with near daily data. 
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Figure 9.1 Prevalence of acute respiratory symptoms versus day of study 
9.4 Results 
9.4.1 Population 
In table 9.1 the number of children studied in the three winters is 
shown. Participation was high, especially in the non-urban populations. 
The percentage of children with more than four valid pulmonary function 
tests was higher than 80%. Differences between winters reflect differences 
of the maximum number of tests performed. In Deurne and Enkhuizen, the 
parents of more than 70% of the children completed all two week diary forms. 
In Venlo and Nijmegen the parents of only 46% of the children completed 
all forms. Mean (SD) age of the children was 9.3 (1.2) year. Among the 
studied children were 546 boys and 532 girls. 
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9.4.2 Air pollution 
In table 9.2 the distribution of the observed air pollution 
concentrations on the pulmonary function test days are presented. No high 
concentrations of the presented components were observed on these days 
and the day before the pulmonary function test day. The highest acid aerosol 
concentration was 3 /Jg/m3, expressed as sulfuric acid. Most acid aerosol 
concentrations were below the detection limit (0.6 /ig/m3) . No extremely 
low temperatures occurred in the study period. The concentrations of the 
various pollutants showed a moderate positive correlation of generally 
less than 0.50, except between aerosol components (Table 9.3). 
Table 9.2 Distribution of air pollution concentrations (fig/m3) on the days 
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24 hour average concentration for S02> N02 and PM10 
12 hour average concentration for HONO, S0A2" and N03~ 
daily minimum temperature (°C) 
Table 9. 3 Correlation between concentration of air pollutants on days before 
the 86 pulmonary function test days and ambient temperature of 
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Pearson correlation coefficient 
160 
9.4.3 Pulmonary function results 
In tables 9.4 and 9.5 the association of pulmonary function with the 
air pollution concentration of the same day and the previous day are 
presented. Since several distributions deviated from normal, the significance 
level of the non-parametric sign test has been included in the tables. 
Instead of the number of negative slopes, the median of the distribution 
has been included (easier interpretation). The smaller number of children 
included for the sulfate, nitrate and nitrous acid analysis, is a result 
of the fact that denuder measurements were made in the second and third 
winter only. For logistic reasons at some locations only measurements before 
the pulmonary function test day were conducted (rather than the same day) . 
Before temperature adjustment, there was a slight negative association 
of pulmonary function with N02, HONO and the aerosol components, but not 
with S02. The most consistent pattern was found for particle sulfate. After 
temperature adjustment most associations were not statistically significant 
anymore. Standard errors were larger when temperature was included in the 
linear regression model. Since there were only twelve days with minimum 
temperatures below 0 °C an alternative adjustment was performed by restricting 
the analysis to days with a minimum temperature above 0 °C. The results 
of these analyses were very similar to the unadjusted results shown in 
tables 9.4 and 9.5. 
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 Data shown are mean (SE) and median of individual regression slopes. 
For each pollutant, the first row presents unadjusted and the second 
row temperature adjusted regression slopes. 
2
 number of children 
for PM10 same day refers to the measurement ending at 3 pm of the 
pulmonary function test day 
p < 0.05 (two sided t-test for mean, sign test for median) 
p < 0.10 (two sided t-test for mean, sign test for median) 
The results were not materially affected by excluding the first 
pulmonary function test (to eliminate potential learning effects), nor 
by including self reported cold in the individual regression model. 
Table 9.6 shows mean and standard error of individual regression slopes 
from same day PM10 models in subgroups defined by presence of chronic 
respiratory symptoms. There was no indication that children with chronic 
respiratory symptoms had a larger negative mean slope. Children with doctor 
diagnosed asthma did have a larger negative mean for all pulmonary function 
variables, but numbers were small. For the other evaluated air pollutants 
results were similar. 
162 
Table 9.5 Association between previous day air pollution concentration 
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 Data shown are mean (SE) and median of individual regression slopes. 
For each pollutant, the first row presents unadjusted and the second 
row temperature adjusted regression slopes. 
2
 number of children 
for PM10 previous day refers to the measurement ending at 3 pm of the 
day before the pulmonary function test 
p < 0.05 (two sided t-test for mean, sign test for median) 
p < 0.10 (two sided t-test for mean, sign test for median) 
None of the evaluated characteristics of the child (age, gender) or 
the home environment (parental smoking, dampness of the home, presence 
of an unvented geyser) was a significant predictor of the magnitude of 
the individual regression slope, with same day PM10 as the exposure variable. 
For FVC, FEVi, PEF and MMEF the ratios of observed versus expected 
variance of individual regression slopes of models with same day PM10 
concentration as the exposure variable were significantly (p < 0.001) larger 
than unity: 1.19, 1.30, 1. 32 and 1. 37 respectively with 781 and 3588 degrees 
of freedom. When a few extreme slopes were eliminated, the calculated variance 
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ratio for FVC (1.08) was not significant anymore. These calculations suggest 
that there is some systematic difference in response between the children. 
Table 9.6 Association between same day PM10 concentration and pulmonary 
function as a function of presence of chronic respiratory symptoms 





Doctor diagnosed asthma 
Chronic cough 
Shortness of breath 
Attacks of shortness of 
breath and wheeze 
Wheeze 

































































































Mean (SE) of individual regression slopes 
children without any of the respiratory symptoms in the last year 
shown and without doctor diagnosed asthma or bronchitis ever and no 
serious respiratory illness in the first two years of life 
children with one or more of the respiratory symptoms in the last 
year shown in the table (allergy not included) 
number of children 
9.4.4 Symptom results 
For the individual populations there was no consistent pattern of 
associations between the concentration of the measured air pollutants and 
acute respiratory symptoms. The number of significant positive slopes was 
approximately equal to the number of significant negative slopes. In tables 
9.7 and 9.8 the association between same day and previous day air pollution 
with prevalence and incidence of acute respiratory symptoms is summarized. 
Most Odds Ratios were small, with a small 95% percent confidence interval, 
especially for prevalence analyses. Most confidence intervals contained 
unity, indicating that there was no significant association. The results 
were not materially affected when models with relatively large residuals 
were estimated after exclusion of these observations. 
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Table 9.7 Association of prevalence of acute respiratory symptoms and air 
pollution concentration of same day and previous day (lag). 
Weighted mean Odds Ratio and 95% confidence interval1. Adjusted 

































































































































































Odds Ratio and confidence interval calculated for a meaningful change 
in concentration (text) 
To assess the quality of the information obtained with the diary used 
in this study, several comparisons of symptom reporting have been made. 
The presence of chronic respiratory symptoms according to the questionnaire 
significantly predicted the reporting of at least one respiratory symptom 
in the child's study period (Table 9.9). A comparison of symptoms reported 
by the child during the pulmonary function test and symptoms reported by 
the parents, showed considerably larger weekly prevalences reported by 
the children. Mean prevalence for runny/stuffed nose and cough were 36.6 
vs. 19.3 and 27.9 vs. 14.4 for children and parents reported symptoms, 
respectively. Kappa values, a chance corrected measure of agreement between 
categorical variables , were 0. 31 and 0. 32 for runny/stuffed nose and cough. 
Essentially the same Kappa values were found for children younger than 
the median age (9.28 yr) and children older than the median age. 
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Table 9.8 Association of incidence of acute respiratory symptoms and air 
pollution concentration of same day and previous day (lag). 
Weighted mean Odds Ratio and 95% confidence interval1. Adjusted 

































































































































































Odds Ratio and confidence interval calculated for a meaningful change 
in concentration (text) 
9.4.5 Evaluation of episode protocol 
In table 9.10 the pulmonary function difference of the sham episode 
test and the follow up test with the baseline test are shown, for the children 
tested with the protocol used in two earlier studies (12,13) . The air pollu-
tion concentrations observed on the day of the test and the preceding day 
were low for all test days. The changes may therefore be interpreted as 
differences due to the protocol. Episode and follow up pulmonary functions 
were higher than baseline pulmonary function, as expected from lung growth. 
The average duration between baseline and sham episode test was 2 . 5 months, 
the follow up test was performed 2 weeks after the sham episode test. The 
observed increase was slightly larger than expected from lung growth for 
PEF and smaller for the other three pulmonary function variables. This 
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has been described for more frequently repeated pulmonary function tests 
(24). In the two earlier episode studies pulmonary function decrements 
of all four lung function variables were observed. The present data suggest 
that these changes were probably not a result of the protocol as such. 
Table 9.9 Association between presence of a chronic respiratory symptom 
(questionnaire) and report of at least one acute respiratory 
symptom (diary). N = 695 children 
Doctor diagnosed asthma 
Chronic cough 
Attacks of shortness of 












































Percentage of the children with a chronic respiratory symptom for 
whom at least one acute respiratory symptom was reported and relative 
risk compared to the children without the symptom 
number of children with a positive response in the questionnaire for 
this symptom 
p < 0.05 (Chi Square) 
p < 0.01 (Chi Square) 
Table 9.10 Comparison of observed and predicted difference of pulmonary 
function of sham episode test with baseline pulmonary function 




























































































predicted using observed pulmonary function increases observed in 
a longitudinal study over 2.5 years (reference 29) 
number of children with valid tests on both baseline and episode (follow 
up) test day. 
mean (SE) 
on the b a s e l i n e day 26 /ig/m3 in Venlo and 33 /ig/m3 in Nijmegen 
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9.5 Discussion 
In spite of the low concentrations, a small negative association was 
observed between pulmonary function and the concentration of N02, HONO, 
PM10, sulfate and nitrate, but not S02. Adjustment for ambient temperature 
decreased both magnitude and significance of the mean regression slopes. 
Daily prevalence and incidence of acute respiratory symptoms were not asso-
ciated with any of the air pollutants considered in this study. 
The low air pollution concentrations observed in this study, were 
a result of the mild meteorological conditions of the three winters of 
the study period. The three winters were among the warmest ever recorded 
in the Netherlands. The average minimum temperature for the winter was 
2.7 °C higher than the climatological average. Moreover, there was less 
wind from the southeast wind sector (10.4% for the three winters of the 
study period versus 14.8%, the climatological average). The southeast sector 
is the windsector generally associated with the highest air pollution concen-
trations in the Netherlands. 
Of the potential confounders considered, ambient relative humidity, 
self reported colds of the children and time trends in spirometry (due 
to lung growth or learning effects) did not appreciably change the calculated 
association between air pollutants and pulmonary function. After temperature 
adjustment, the mean slopes were not significantly different from zero 
anymore for sulfate, nitrate and HONO. However, because of the moderate 
temperatures encountered during the study, it might be argued that temperature 
may not have been an independent risk factor. Thus, adjustment for temperature 
may result in overadjustment. Restriction to days with minimum temperatures 
above 0 "C showed nearly the same magnitude and significance of mean slopes 
as the unadjusted slopes of the full dataset. 
When the estimated mean regression slopes of the models unadjusted 
for temperature are interpreted as an effect of air pollution, mean decrements 
of about 1% for FVC and FEVj and about 2% for PEF and MMEF can be estimated 
over the range of pollution concentrations observed in this study. For 
these calculations the concentration changes used for the calculation of 
Odds Ratios have been used (Statistical analysis). For FVC and FEVX the 
mean PM10 slopes were smaller than observed in a study among schoolchildren 
in the winter of 1990/91 (11). For PEF and MMEF the observed mean slopes 
were nearly identical to the mean slopes observed in that study. The mean 
PEF slope was also close to the mean slopes recently observed in two panel 
studies of children with chronic respiratory symptoms (8,10). In these 
studies the mean slope expressed in ml/s per /ig/m3 was -1.1 (8) and between 
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-0.47 and -0.68 (10). In a panel study with symptomatic and asymptomatic 
children the mean slope was about -0.30 for same day PM10 and -0.60 for 
the five day moving average PM10 concentration (30). Mean slopes were slightly 
more negative for the asymptomatic children (30). This consistency of the 
calculated PEF slopes among studies, supports a causal interpretation of 
the present findings. 
A comparison of the observed variance of individual regression slopes 
with the expected variance due to random error, provided evidence of syste-
matic differences in response to PM10 between children. This is in contrast 
to findings of an episode study among children in Steubenville, OH (25). 
In that study variance ratios were close to unity for regression models 
with TSP as the exposure variable (25). In the present study variance ratios 
were small, indicating that most (but not all) of the variability of 
individual slopes was due to random error. The magnitude of the individual 
regression slope was not associated with characteristics of the child, 
such as age, gender and presence of chronic respiratory symptoms, and presence 
or absence of sources of indoor air pollution (smoking, unvented gas 
appliances). This suggests that other unmeasured characteristics, such 
as airway reactivity, were responsible for the observed differences in 
response. 
To our knowledge no information is available about potential health 
effects of gaseous nitrous acid. Recently, interest in this pollutant is 
growing after the observation of relatively high concentrations in indoor 
environments (31,32) . Because of its relatively high correlation with N02, 
HONO might be an interesting component to consider in future epidemiological 
studies. The findings of this study suggest a more consistent association 
with HONO compared to N02 for present day concentrations, but not for previous 
day concentrations. However, the design of this study was not ideal to 
evaluate health effects of HONO. First, HONO concentrations are generally 
considerably higher during the night (33). In the present study daytime 
samples were taken. Second, the denuder coating may not be optimal for 
HONO determinations because of oxidation of nitrite to nitrate (34) . Third, 
precision of HONO determinations was low (CV value 30%) , because of artifact 
formation from N02 (34). 
Controlled exposure of human volunteers to high non-acidic sulfate 
aerosol concentrations up to 1000 /Jg/m3 has not resulted in pulmonary function 
decrements (35). An association between sulfate and hospital admissions 
was reported for Ontario, that could be due to ozone or aerosol acidity, 
as well (36). Two panel studies of asthmatics performed in Denver showed 
no significant association between respiratory health and sulfate (9,37). 
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The health effects of aerosol nitrate have been less studied. Controlled 
exposure during 16 minutes of 10 healthy and 11 asthmatic resting subjects 
to 7000 /Jg/m3 submicrometer NaN03 did not significantly affect pulmonary 
function and airway reactivity to carbachol (38). Another study did not 
demonstrate a pulmonary function response of 20 healthy and 19 asthmatic 
adults after two hour exposure (including intermittent light exercise) 
to 189 and 295 /ig/m3 NH4N03 (39). These concentrations levels are well in 
excess of levels that may occur in air pollution episodes. An association 
of symptoms and bronchodilator use with particulate nitrate was found for 
one of the two panels in Denver (37), but not for the other (9). It is 
not unlikely as Ostro (9) has pointed out, that due to volatilization the 
nitrate concentrations were not reliably determined in the Perry-study. 
The lack of association between air pollutants and symptom prevalence 
(incidence) may reflect that at the observed pollution levels health effects 
were small only in the predominantly healthy children. Alternatively, the 
diary method might not be sensitive enough to detect mild symptoms of healthy 
children, particularly because the parents reported symptoms of their 
children. To our knowledge a direct evaluation of the accuracy of diaries 
has not been performed. For the diary used in this study several indirect 
comparisons have been made. The presence of chronic respiratory symptoms 
according to the questionnaire significantly predicted the reporting of 
at least one acute respiratory symptom in the study period. The highest 
diary symptom ratio was found for lower respiratory symptoms. Weekly symptom 
prevalences reported by_ the children were considerably larger than symtpom 
prevalences reported by their parents. The interpretation of this low 
agreement is not obvious. 
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CHAPTER 10 
ACUTE EFFECTS OF A WINTER AIR POLLUTION EPISODE ON PULMONARY 
FUNCTION AND RESPIRATORY SYMPTOMS OF CHILDREN 
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10.1 Abstract 
The acute respiratory effects of a wintertime air pollution episode 
have been studied in a general population sample of 112 7-12 year old children 
living in a non-urban community. Spirometry was performed on six days with 
a fixed interval of three weeks between successive tests. During an air 
pollution episode an additional pulmonary function test was made. Acute 
respiratory symptoms of the children were noted in a diary. Ambient concentra-
tions of sulfur dioxide (S02), Black Smoke (BS), particulate matter with 
an aerodynamic diameter less than 10 /im (PM10) and nitrogen dioxide (N02) 
were considered as exposure variables. The association of air pollution 
with pulmonary function and prevalence of acute respiratory symptoms was 
assessed by individual linear regression analysis and time series analysis, 
respectively. 
In February 1991, an air pollution episode occurred with daily average 
S02 concentrations slightly above 100 /ig/m3 and PM10 concentrations reaching 
174 /ig/m3. During the episode FVC, FEV^
 0 and MMEF were lower than on baseline 
tests. Significant negative associations were found between the concentration 
of S02, BS and PM10 and pulmonary function. No association between prevalence 




Severe winter air pollution episodes in the past have resulted in 
short term increases of mortality and morbidity, such as hospital admissions 
(1-4). The high concentration levels of sulfur dioxide (S02), particulate 
matter and probably sulfuric acid which occurred during these episodes, 
do not occur anymore in Europe and Northern America. It is still of interest 
to study possible health effects of the much lower air pollution concentration 
levels which occur nowadays. Because of the lower pollution levels, more 
sensitive methods of detecting health effects have been used in epidemiologi-
cal studies. One approach has been the measurement of pulmonary function 
(spirometry) to assess respiratory effects. Two studies in the Netherlands 
and a study in Steubenville, OH have documented that pulmonary function 
of a general population sample of schoolchildren was lower during an episode 
than during a baseline test (5-7). Follow up tests some weeks after the 
episode suggested some persistence of the effect (5-7). Daily average S02 
and TSP concentrations were between 200-250 /ig/m3 during the episode days. 
In a longitudinal study of adults living in industrialized Vlaardingen 
pulmonary function was higher in 1972 than in 1969. In Vlagtwedde, a rural 
town, pulmonary function showed the expected decrease from 1969 to 1972 
(8) . The increase has been explained by an acute response to S02 concentra-
tions of 300 Mg/m3 an£i Black Smoke (BS) concentrations of 150 fig/m3 during 
the 1969 test days in Vlaardingen (8). Stebbings et al. measured pulmonary 
function of schoolchildren during one week after an air pollution episode 
in Pittsburgh,PA (9,10). The hypothesized recovery of pulmonary function 
could not be demonstrated (9), although the authors suggested that a sensitive 
subgroup did react (10) . Another approach has been the panel study in which 
a simpler pulmonary function test (Peak Flow measurement with a Mini Wright 
Meter) and/or registration of acute respiratory symptoms has been performed 
on a daily basis (11-16). 
The present study was designed to overcome some of the limitations 
in the earlier studies. More frequent measurement of baseline pulmonary 
function was considered necessary to obtain a more stable baseline. This 
made better adjustment for potential confounding by ambient temperature 
or other weather variables possible as well. The occurrence of acute 
respiratory symptoms was assessed with a diary. Finally, more detailed 
measurement of ambient exposures was made by including daily measurements 
of particulate matter with an aerodynamic diameter less than 10 /im (PM10) 
and measurements of acid aerosol. A more detailed discussion of the design 
and background of the study has been presented before (17,18). 
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10.3 Methods 
10.3.1 Study population 
The study was conducted in Wageningen, a small non-industrial town 
in the east of the Netherlands. All children from grades 4 through 7 of 
one primary school were invited to participate in the study. This school 
was selected primarily because of adequate size and absence of small local 
sources of air pollution in the vicinity of the school. The parents of 
the children were asked to fill in a self-completion version of the WHO 
children's questionnaire for chronic respiratory symptoms (19). With the 
questionnaire information about sources of indoor air pollution (smoking, 
unvented gas appliances) and transit time from home to school was gathered 
as well. 
10.3.2 Acute respiratory symptoms 
The occurrence of acute respiratory symptoms of the children was 
registered by their parents in a diary. The specific diary form was based 
upon the diary used in the Harvard Six City Study. The parents had to report 
either the code for "no symptoms/healthy" or the code(s) for the specific 
symptom(s) each day. The symptoms included in the diary were throat irrita-
tion, cough, cough with phlegm, wheeze, runny/stuffed nose, aching throat, 
shortness of breath, chest tightness, eye irritation and sneezing. A number 
of non-respiratory symptoms (earache, nausea, fever, ill home) were included 
as well. 
To promote daily reporting of symptoms, the child had to hand in a 
diary form at school every two weeks. The forms were collected during 
pulmonary function test days. 
Finally, before a pulmonary function test was conducted the technician 
asked the children whether they had experienced any respiratory symptoms 
in the week before the test. We informed about presence of a "cold" , frequent 
cough, runny/stuffed nose, throat ache, fever and being ill at home. 
10.3.3 Pulmonary function testing 
Pulmonary function tests (spirometry) were performed on a regular 
basis, independent of the expected air pollution concentrations. The interval 
between successive tests was three weeks. When the weather forecast and 
dispersion modelling predicted a daily average S02 concentration higher 
than 125 /ig/m3 or a daily average N02 concentration higher than 90 /xg/m3, 
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additional pulmonary function tests were made. During the study period 
one additional pulmonary function test was made. Forty children were tested 
in the afternoon of February 7, 1991. In the morning of February 8, sixty-six 
other children were tested. 
Spirometry was performed according to the protocol of the ECCS (20) . 
A rolling-seal dry spirometer (Vicatest 5) coupled with automatic data 
acquisition software has been used. From a minimum of three valid expiratory 
maneuvers the highest forced vital capacity (FVC), forced expiratory volume 
in one second (FEVX 0) and peak flow (PEF) were selected. The highest maximal 
mid-expiratory flow (MMEF) was selected from a maneuver with a FVC within 
5% or 100 ml of the highest FVC. All pulmonary function test results were 
transformed to BTPS, using the air temperature of the test room. More details 
can be found in (21). 
Pulmonary function testing was performed during the schoolyear in 
the school of the children. All tests were performed between 8.30 am and 
4 pm. 
10.3.4 Exposure measurements 
Information about the ambient concentrations of sulfur dioxide (S02) , 
nitrogen dioxide (N02) and Black Smoke (BS) was obtained from the Wageningen 
site of the National Air Quality Monitoring Network (22). S0Z and N02 were 
measured by continuous monitors based on fluorescence and chemiluminescence 
respectively (22) . Twentyfour hour average concentrations of Black Smoke 
were measured using the Organisation for European Cooperation and Development 
(OECD) method (22). Daily measurements of twentyfour hour average (3 pm 
to 3 pm) concentrations of particulate matter with an aerodynamic diameter 
less than 10 /im (PM10) were made with an instrument described by Liu (23), 
with an inlet design similar to the Sierra Andersen 241 dichotomous sampler. 
No separation in fine (< 2.5 /xm) and coarse particles (> 2.5 pm) is accom-
plished with this sampler. The inlet was compared to the Sierra Andersen 
inlet in a series of 33 collocated measurements at a site in Wageningen. 
The estimated regression equation was 6.0 + 0.90*Sierra-PM10 (r - 0.93). 
On the day of a pulmonary function test day and the two days before the 
test day, 12 hour-average (7 am to 7 pm) measurements of acid aerosol were 
made using an annular denuder filter pack (24). During an air pollution 
episode additional measurements were made. Data on ambient minimum temperature 
were collected from the site Wageningen of the National Air Quality Monitoring 
Network. 
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During episode pulmonary function test days the children were asked 
whether they had played outdoors the previous day and the day of the test. 
In addition, the children were asked what they did and for how long they 
had been outdoors. 
10.3.5 Statistical analysis 
The association between air pollution and pulmonary function was first 
assessed by calculating the group mean pulmonary function for all test 
days. For a valid comparison between days with high and low air pollution, 
only children with valid pulmonary function tests on all test days were 
included in this analysis. The association between air pollution and pulmonary 
function was evaluated statistically by individual linear regression analysis 
and subsequent evaluation of the distribution of the individual regression 
slopes. In these regression models a pulmonary function variable is the 
dependent variable. The concentration of S02, N02, BS and PM10 of the same 
day, previous day and average of the previous week were used separately 
as independent variables. The number of days since the start of the study 
was included in all regression models to adjust for increases of pulmonary 
function due to lung growth. To obtain some stability of the regression 
coefficient only children with more than four valid tests were included 
in the analysis. Children who were absent during the episode test day or 
whose test was considered technically unacceptable by the lung function 
technician, were excluded from the analysis (RESULTS). 
Several combinations of respiratory symptoms were made, based onMonto 
et al. (25). An upper respiratory symptom was defined as the presence of 
a runny/stuffed nose and/or sneezing. A lower respiratory symptom was defined 
as presence of one or more of the symptoms phlegm, wheeze, shortness of 
breath or chest tightness. Cough was analyzed separately. Finally, the 
presence of any respiratory symptom was analyzed. 
The fraction of children for whom presence of a respiratory symptom 
was reported, was calculated for each day of study. To prevent bias from 
non-reporting, only data from the 59 children who handed in all two-weeks 
diary forms, were used for the analysis. Mean prevalences were then calculated 
in classes of days with different air pollution concentrations. Plots of 
symptom prevalence versus day of study were made to note any trends or 
patterns. The plots indicated a decreasing trend with time for cough and 
most other symptoms. Moreover, symptom prevalence appeared to be correlated 
with symptom prevalence of the previous day (autocorrelation). Therefore, 
a time series analysis was performed based upon the Box-Jenkins approach 
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(26). First, a linear regression analysis with additional modelling of 
the residuals by a first order autoregresslve process was performed, using 
the Yule-Walker estimation method implemented in the SAS-procedure AUTOREG. 
A first order autoregressive process was identified using the autocorrelation 
function and the partial autocorrelation function of the residuals (26). 
Residuals from the regression models were plotted versus exposure and the 
distribution was evaluated. The second model was a logistic regression 
model, which has been proposed as a more adequate analysis of binary or 
binomial data (27). The logistic model was specified using the SAS/ETS 
procedure MODEL. The residuals were again modelled by a first order auto-
regressive process, using maximum likelihood estimates from the SAS/ETS 
%AR macro (a SAS-macro suitable for fitting autoregressive processes of 
residuals or dependent variables in connection with the MODEL procedure). 
Day of study was included as a confounder to adjust for the decreasing 
trend present in the prevalence data. Adjustment was made for ambient 
temperature as well. 
10.4 Results 
10.4.1 Air pollution levels 
The 24 hour average concentration levels of S02 and PM10 in the study 
period are shown in figure 10.1. Minimum ambient temperatures are shown 
as well. Levels of S02 were only moderately elevated, the highest 24-hour 
average concentration was 105 /Jg/m3. On six days the PM10 concentration 
exceeded 110 fig/m3, the Lowest Observed Effect Level suggested by WHO (1) . 
On one day the US standard of 150 /ig/m3 was exceeded. During the first days 
of February, 1991 the ambient temperature dropped below 0 °C. The range 
of daily average Black Smoke concentrations was 2-120 /jg/m3. The highest 
1 hour maximum N02 concentration was 127 fig/m3, well below the concentration 
levels from which health effects can be expected (1) . The highest observed 
1-hour maximum S02 concentration was 147 /ig/m3, only slightly higher than 
the 24-hour average. The correlation between the 24-hour average and 1-hour 
maximum S02-concentration was 0.92, consistent with the fact that air 
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Figure 10.1 Daily average S02 and PM10 concentrations and temperature versus 
day of study 
Due to technical problems (i.e. failing timers) only three valid 
measurements of acid aerosol were made in Wageningen during the episode. 
The highest concentration of H+ was 0.6 /Jg/m3, expressed as equivalent 
sulfuric acid. This measurement was an average of three days when PM10-concen-
trations were 66, 114 and 144 /ig/m3 respectively. During two days the 
Laboratory of Air Research from the National Institute of Public Health 
and Environmental Protection made 24-hour average measurements of acid 
aerosol using the same technique (24) in Zeist, a small, non-industrial 
town located about 40 kilometers to the west of Wageningen. The concentration 
levels of acid aerosol on these days were 2.5 and 4.4 /ig/m3. During these 
days the PM10-concentration in Wageningen was 114 and 144 /ig/m3 respectively 
(PM10 not measured in Zeist). Ambient levels of acid aerosol in Wageningen 
were below 1 jug/m3 for non-episode days. 
The Pearson correlation coefficients between the measured air pollutant 
concentrations and ambient temperature are presented in table 10.1. A high 
correlation was observed between PM10 and Black Smoke. The correlations 
between the other air pollutants and temperature were moderately high. 
The range of concentrations during the pulmonary function test days was 
30 - 144 and 3 - 104 /ig/m3 for PM10 and S02 respectively. The weekly average 
PM10 concentration before the two additional test days was 98 and 105 /ig/m3, 
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indicating that PM10 concentrations were elevated on several days preceding 
the additional pulmonary function test days. Ambient temperature was below 
0 °C on six test days, including the two additional test days. 
Table 10.1 Pearson correlation coefficients between air pollution concentra-
tion and ambient temperature. Wageningen, 11/27/90-3/12/91 
(106 days)*'t 


















on one day Black Smoke missing, on three days PM10 missing 
t all coefficients significantly different from zero (p < 0.01) 
From the 106 children tested during the episode days, 70 children 
reported to have played outdoors, whereas 30 children reported not to have 
played outdoors the previous day. Ice skating was the most commonly reported 
activity. It was not easy to obtain a reliable estimate of the time spent 
outdoors from the children. Most children lived close to their school. 
The mean transit time reported in the questionnaire was 7 minutes (SD 4 
minutes). Most (70%) children walked or cycled to the school, during cold 
weather. The parents of 18% of the children reported that their child was 
brought to school by car during cold weather. 
10.4.2 Population 
From the 118 children eligible for the study, 112 children (95%) 
participated. The reasons for non-participation were religious principles 
(2) , no letter of informed consent handed in at the school after one reminder 
(2) and large historical exposure to medical examinations (2). For one 
of the latter two children diabetes was mentioned, for the other child 
the disease was unspecified. A description of the study population is 
presented in table 10.2. Characteristics of the study population as a whole 



























( 1 . 2 ) 
Table 10.2 Characteristics of the study population. Wageningen, 11/27/90 
3/12/91. 
All children Selected children* 
n = 112 n - 90 
# Girls 
Attacks of wheeze with 




# 5 Valid tests 
# 6 Valid tests 
# 7 Valid tests 
children with more than four valid pulmonary function tests and a 
valid test during the episode test day 
t number of children with the symptom in the last year (WHO-questionnaire) 
* mean (standard deviation) 
10.4.3 Pulmonary function 
Mean (SD) variation coefficients, using all available pulmonary function 
tests, were 3.0 (1.4), 3.2 (2.2), 7.1 (3.8) and 7.3 (4.9) % for FVC, FEV1-0> 
PEF and MMEF, respectively. There were 99 children with more than four 
valid pulmonary function tests. 
The group mean FVC, FEVli0 and MMEF on the episode test day was slightly 
lower than on the baseline days. In table 10.3 the results of individual 
linear regression analyses are shown for the children with more than four 
valid tests and a valid test during the episode. FVC, FEV1-0 and in some 
models PEF and MMEF were negatively associated with S02, PM10, Black Smoke, 
but not N02. These results were not changed by adjusting for ambient tempera-
ture. There were nine children who had more than four valid tests but were 
not tested (N=4) or whose test was not technically acceptable (N=5) during 
the episode test day. When these children were included in the analyses, 
the median of the individual slopes was similar to the mean values in table 
3. However, several extreme positive and negative outliers were observed 
in the Box Plots, probably due to the small range in concentration left 
when no test during the episode was available. When the first test day 
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was left out to account for potential training effects (28) for the models 
with same day air pollution, results were essentially the same. 
Table 10.3 Association of pulmonary function with air pollution indices. 
Wageningen, 11/27/90 - 3/12/91 
PM10 
PM„ l a g 
FMI0 w e e k 
SOj 
SO, l a g 
S02 week 
BS 




- 0 . 6 0 * , 
- 0 . 7 3 t 
- 0 . 5 7 t 
- 0 . 5 5 * 
- 0 . 7 4 * 
- 0 . 9 * t 
- 0 . 7 5 * 
- 0 . 7 0 t 
- 0 . 7 0 t 
.m>> 
* ( 0 . 1 1 ) * 
( 0 . 2 0 ) 
( 0 . 1 5 ) 
( 0 . 1 0 ) 
( 0 . 1 5 ) 
( 0 . 2 0 ) 
( 0 . 1 9 ) 
( 0 . 1 8 ) 
( 0 . 1 7 ) 
FEV,.. 
(ml. jig' 
- 0 . 5 5 * 
- 0 . 5 4 * 
- 0 . 5 4 * 
-o.sit 
- 0 . 6 0 t 
- 0 . 7 8 t 
- 0 . 5 5 * 
- 0 . 4 3 * 
- 0 . 6 0 t 
.ra') 
( 0 . 1 0 ) 
( 0 . 2 1 ) 
( 0 . 1 4 ) 
( 0 . 0 9 ) 
( 0 . 1 4 ) 
( 0 . 1 8 ) 
( 0 . 1 8 ) 
( 0 . 1 8 ) 
( 0 . 1 6 ) 
PEF 
(ml.s'1 
- 0 . 8 2 
- 0 . 2 0 
- 0 . 4 1 
- 0 . 6 4 
- 0 . 2 1 
- 0 . 3 4 
- 0 . 6 5 
0 .25 
- 0 . 2 2 
.Hg'.m') 
( 0 . 5 0 ) 
( 0 . 9 4 ) 
( 0 . 6 1 ) 
( 0 . 4 4 ) 
( 0 . 6 3 ) 
( 0 . 8 1 ) 
( 0 . 7 6 ) 
( 0 . 8 4 ) 
( 0 . 7 0 ) 
l*EF 
(ml .s ' 1 . 
- 0 . 6 4 * 
- 0 . 2 8 
- 0 . 7 7 t 
- 0 . 5 4 t 
- 0 . 4 0 
- 0 . 6 1 
- 0 . 5 2 
- 0 . 1 5 
- 0 . 6 7 * 
ttg'-ff) 
( 0 . 2 3 ) 
( 0 . 4 1 ) 
( 0 . 3 0 ) 
( 0 . 2 0 ) 
( 0 . 2 9 ) 
( 0 . 3 7 ) 
( 0 . 3 9 ) 
( 0 . 3 9 ) 
( 0 . 3 3 ) 
mean of individual regression slopes 
* p < 0.05 (two sided t-test) 
* standard error of individual regression slopes 
10.4.4 Acute respiratory symptoms 
Tabulation of the prevalence data showed, that the mean prevalence 
of the symptom combinations Upper and Lower Respiratory Symptoms (URS, 
LRS) was higher in the classes of days with higher PM10 concentrations. 
Adjustment for potential confounding by ambient temperature and the decreasing 
trend with time, was made by time series analysis. In table 10.4 the coeffi-
cients from the logistic regression models are shown. There were about 
as many positive as negative coefficients, most of them non significant. 
In the model with LRS as the dependent variable, ambient temperature had 
a significant negative regression coefficient, indicating higher prevalence 
at lower temperature. In the models with cough and "any respiratory symptom" 
as the dependent variable, the coefficient for day of study was statistically 
significant. Direction and statistical significance of the associations 
found with the linear models was similar. 
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Table 10.4 Association of prevalence of acute respiratory symptoms with 
air pollution indices. Wageningen, 11/27/90 - 3/12/91, adjusted 
for ambient temperature and day of study. Coefficient from 

























































































regression coefficient from a time series model 
' standard error of the regression coefficient 
t p < 0.05 (two sided test) 
8
 p < 0.10 (two sided test) 
10.5 Discussion 
During a winter episode of moderately elevated concentrations of PM10) 
Black Smoke and S02, pulmonary function of schoolchildren was significantly 
lower than measured on several baseline test days. After adjustment for 
ambient temperature, there was no association between the prevalence of 
acute respiratory symptoms and air pollution concentrations. 
The highest concentration levels of PM10, Black Smoke and S02 were 
observed during a 14 day period in February 1991. The meteorology of this 
period was dominated by an east circulation, resulting in transport of 
cold and polluted air from Germany and Eastern Europe. Under similar condi-
tions winter air pollution episodes occurred in January, 1985 and January, 
1987 (5,6). Concentration levels of particulate matter and especially S02 
were lower in the 1991 episode than in the 1985 and 1987 episodes. This 
might be a result of significant emission reductions in the Ruhr area since 
1987. Concentration levels of acid aerosol were probably low during this 
period. The S02 concentration levels were well below the suggested guideline 
of WHO. On six days PM10 concentrations were above the level of 110 /ig/m3, 
the Lowest Observed Effect Level, suggested by WHO (1). 
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An important potential confounder in observational studies of acute 
effects of wintertime air pollution is ambient temperature. In this study 
ambient temperature was low during the episode, but it was low on the test 
days preceding and following the episode test day, as well. Adjustment 
for ambient temperature did not materially affect the association between 
air pollution and pulmonary function. The association between air pollution 
and acute respiratory symptoms apparent from a simple tabulation, was no 
longer present after adjustment for ambient temperature. 
Adjustment of the association between air pollution indices and pulmo-
nary function for self reported cold as a measure of respiratory infection, 
did not affect the conclusions. The reported prevalence of fever was low 
throughout the study period. Therefore, it is unlikely that a major influenza 
epidemic affected the children. 
Since the study period was more than three months, adjustment for 
lung growth was made. Deviations of pulmonary function change with time 
from the expected pattern due to growth have been observed during winters 
without air pollution episodes (28). The results of this study were not 
materially influenced by excluding the first pulmonary function test day, 
suggesting that training effects were not responsible for the observed 
associations. 
The most consistent association was found for FVC and FEV1 0. Assuming 
that the association might be explained by a response to air pollution, 
this suggests a restrictive response. From human clinical studies with 
sulfur dioxide (symptomatic) bronchoconstriction would be expected (29,30). 
However, direct effects on pulmonary function of healthy children from 
S02 are highly unlikely at the concentration levels observed during this 
study (1). 
It is not clear what components of the episode mix were responsible 
for the observed associations. The concentration levels of both acid aerosol 
and sulfur dioxide were too low for direct effects to be likely (1,31,32). 
The number of test days was not sufficient to differentiate between pollutants 
in this study. Since pulmonary function was lowest during the episode test 
day, all components having their highest concentration in the episode would 
have a negative association with pulmonary function. From the measured 
pollutants, only nitrogen dioxide was not associated with pulmonary function. 
It might be questioned whether exposure to air pollution was adequately 
characterized by fixed site ambient air concentrations only. It has been 
noted that people spend a large proportion of their time indoors. If so, 
the resulting misclassification of exposure would probably have resulted 
in a downward bias of the observed association between air pollution and 
184 
health endpoints. Moreover, although the temperature was low during the 
episode, the weather was not unpleasant. Most children reported to have 
played outdoors. Outdoor ice skating was the most commonly reported activity 
of the children. Finally, in the air pollution episode of January, 1985 
the concentration levels of indoor airborne particles and N0Z were clearly 
elevated during the episode (33). 
If the observed associations are caused by a response to air pollution, 
the magnitude of response is small. The regression slopes calculated for 
same day PM10 imply that FVC, FEVj 0 and MMEF decrease with approximately 
2.5% when PM10 increases with 100 /jg/m3. A non-significant 1.5% decrease 
of PEF was found. Moreover, no significant increase of acute respiratory 
symptoms with increasing air pollution was observed. 
Decreased pulmonary function of predominantly healthy children during 
wintertime air pollution episodes has been observed before (5-7). The daily 
average S02 and TSP concentration levels during these episodes were in the 
range of 200-250 fig/m3 daily averages. These three studies all reported 
some persistence of the pulmonary function decrement. In the present study 
there was no indication of a persistent effect. This is consistent with 
the lower concentration levels of particularly sulfur dioxide, which was 
less than 50% of that observed during the January, 1985 and 1987 episodes. 
In a panel study in Utah a negative association of the concentration of 
PM10 with Peak Flow was found (16). Moreover, a positive association of 
PM10 concentration with bronchodilator use and prevalence of acute respiratory 
symptoms was found. Associations of emergency room admissions for chronic 
obstructive pulmonary disease (C0PD) of adults with winter time air pollution 
have recently been observed in Barcelona (34). Daily average S02 and Black 
Smoke concentrations were between 17-160 Mg/m3 and 39-310 /ig/m3 respectively 
(34). Therefore, it seems likely that small pulmonary function decrements 
can be observed at even lower concentration levels. There are a number 
of studies involving schoolchildren that did not find pulmonary function 
decrements at concentration levels higher than those observed in our study 
(9,14), however. Apparently, air pollution mixtures present in different 
locations are inadequately characterized by the concentrations of a few 
indicator pollutants. Further work is needed to determine which components 
are responsible for the health effects observed in this and other studies. 
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CHAPTER 11 
EFFECT OF AMBIENT WINTER AIR POLLUTION ON RESPIRATORY HEALTH 
OF CHILDREN WITH CHRONIC RESPIRATORY SYMPTOMS 
Willem Roemer 1, Gerard Hoek1'2, Bert Brunekreef1 
1
 Department of Epidemiology and Public Health, University of Wageningen 
2
 Department of Air Pollution, University of Wageningen 
11.1 Summary 
Acute respiratory effects of ambient air pollution have been studied 
in a panel of 73 children with chronic respiratory symptoms in the winter 
of 1990/91. The participating children were selected from all children 
aged 6-12 yrs in Wageningen and Bennekom, two small, non-industrial towns 
in the east of the Netherlands. Peak Flow was measured twice daily with 
Mini Wright Meters. A diary was used to register the occurrence of acute 
respiratory symptoms and medication use of the children. Exposure to air 
pollution was characterized by the ambient concentrations of sulfur dioxide 
(S02), nitrogen dioxide (N02) , Black Smoke (BS) and particulate matter less 
than 10 /im (PM10) . Associations between air pollution concentrations and 
health outcomes were analyzed using time series analysis. 
During the study period an air pollution episode occurred with 
moderately elevated concentrations of PM10 and S0Z. There were six days 
with 24-hour average PM10-concentrations in excess of WHO'S suggested Lowest 
Observed Effect Level of 110 /jg/m3. After adjustment for ambient temperature, 
there were small but statistically significant negative associations of 
PM10, BS and S02 with both morning and evening PEF. There was a consistent 
positive association between PM10, BS and S02 with the prevalence of wheeze 
and bronchodilator use. Overall the observed associations suggest a mild 
to moderate response to these moderately elevated levels of air pollution 
in a group of potentially sensitive children. 
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11.2 Introduction 
Severe winter air pollution episodes in the past have been associated 
with serious health effects, such as increased hospital admissions and 
mortality (1). It is still unknown which component(s) of winter air pollution 
episodes are the causative agents. The concentration levels of sulfur dioxide 
(S02) and particulate matter have frequently been used as indicators for 
the winter episode mixture (1). It has been suggested that acid aerosol 
(mainly sulfuric acid or ammonium bisulfate) may be a component responsible 
for observed health effects during winter air pollution episodes (1-3). 
Since the nineteen sixties concentration levels of S02 and particulate 
matter have decreased substantially in the United States and Western Europe. 
Several studies conducted since 1980 have suggested that small pulmonary 
function decrements can still be observed at daily average concentration 
levels of S02 and total suspended particulate matter (TSP) in the order 
of 200-250 /ig/m3 (4-6). Two recent studies observed increased hospital 
admissions at moderately elevated concentrations of S02 (17-160 /ig/m3) and 
black smoke (39-310 /ig/m3) in Barcelona (7) and airborne particles less 
than 10 /im (PM10, up to 365 /ig/m3) in Utah Valley (8). 
The concentration levels of particulate matter have been expressed 
in a variety of ways, including total suspended particulate matter, black 
smoke and coefficient of haze (1). More recently the use of PM10 as an 
indicator for particulate pollution has been suggested. Since 1986, the 
National Ambient Air Quality Guideline of the United States for airborne 
particles is expressed as the concentration of PM10. Few studies have 
evaluated acute health effects of elevated PM10 concentrations (8,9). 
Subjects with pre-existing chronic respiratory or cardiovascular disease 
are a sensitive subgroup of the population for health effects due to winter 
air pollution episodes (1). This was observed in epidemiological studies 
and confirmed in human controlled exposure studies with sulfur dioxide 
and sulfuric acid (1,2). Panel studies of asthmatic or chronic bronchitic 
patients have therefore been performed to evaluate acute health effects 
of air pollution (10-15) . In these studies respiratory symptoms, medication 
and peak flow have commonly been used as health endpoints. 
These considerations led us to perform a study of the acute effects 
of winter air pollution on respiratory health of a panel of children with 
chronic respiratory symptoms. 
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11.3 Methods 
11.3.1 Study population 
Children were selected from all but one primary schools in Wageningen 
and Bennekom, two non-industrial small towns in the east of the Netherlands, 
located within five kilometers of each other. There are no important sources 
of air pollution in these towns and their vicinity. Therefore, air pollution 
concentration levels are mainly determined by long range transport. 
The parents of all children in grades 3 through 8 were asked to complete 
a short screening questionnaire, based upon WHO's questionnaire for children 
(16) . Children were considered eligible for the study if they had a positive 
response to one or more of the following questions: "Did your child have 
attacks of shortness of breath with wheezing during the past year?", "Does 
your child cough like this for three months a year?" (this question follows 
two other questions on cough during the day or night, on most days during 
the autumn/winter season), "Has your child been treated for asthma by a 
specialist during the last year?". 
The parents of 1989 children received the screening questionnaire. 
The questionnaires of 1253 (635!) children were collected at the schools 
of the children. Among these 1253 children were 131 children with a positive 
response to one of the three screening questions. Due to limited availability 
of Mini Wright Meters, from these 131 children 74 children were selected 
at random to participate in the study. One child dropped out at the onset 
of the study. Characteristics of the 73 children remaining in the study 
are presented in table 11.1. Table 11.1 also shows that the participating 
children performed Peak Flow tests and had their diaries completed on most 
days of study. 
11.3.2 Exposure measurements 
Information about the ambient concentrations of sulfur dioxide (S02) , 
nitrogen dioxide (N02) and black smoke (BS) was obtained from the Wageningen 
site of the National Air Quality Monitoring Network (17). S02 and N02 were 
measured by continuous monitors based on fluorescence and chemiluminescence 
respectively (17). Twenty four hour average concentrations of Black smoke 
were measured using the OECD method (17). Daily measurements of twenty 
four hour average concentrations of particulate matter with an aerodynamic 
diameter less than 10 fim (PM10) were made with an instrument described by 
Liu (18) , with an inlet design similar to the Sierra Andersen 241 dichotomous 

























Table 11.1 Characteristics of the study population. Wageningen, December 





Attacks of shortness of breath 
with wheeze 
Treated by specialist for asthma 
Daily medication use 
Cough without asthmatic attacks 
# PEF morning 




t standard deviation 
' number of children in the study with a positive response to question 
from screening questionnaire (questions were about the last year) 
8
 mean of number of days with valid Peak Flow readings reported by each 
individual child (maximum 83 days, see text) 
I standard deviation of number of days with valid Peak Flow readings 
reported 
is accomplished with this sampler. The inlet was compared to the Sierra 
Andersen inlet in a series of 33 collocated measurements at a site in 
Wageningen. The estimated regression equation was 6.0 + 0.90*Sierra-PM10 
(r-0.93) . Once every three weeks 12 hour-average (7 am to 7 pm) measurements 
of acid aerosol were made using an annular denuder filter pack (19). The 
system consisted of two sodium carbonate coated denuders, one citric acid 
coated denuder and a filter pack with a teflon and nylon backup filter. 
During an air pollution episode additional measurements were made. 
Data on daily average temperature and relative humidity were obtained 
from the site Wageningen of the Department of Meteorology of the University 
of Wageningen. 
192 
11.3.3 Health measurements 
Daily measurements of peak flow were made between December, 17 1990 
and March, 17 1991. Peak flow was measured with a mini-Wright Peak Flow 
meter in the homes of the children. Peak flow was measured twice a day, 
once before breakfast and once before dinner. Participants were instructed 
to perform the PEF measurements before medication was taken. Every test 
consisted of three maneuvers and participants were instructed to note all 
three readings in a diary. The largest of the three PEF readings was used 
for analysis. 
The diary was also used to register the occurrence of acute respiratory 
symptoms and medication use. Symptoms included in the diary were cough, 
phlegm, runny/stuffed nose, woken up with breathing problems, shortness 
of breath, wheeze and attacks of shortness of breath with wheeze. The parents 
had to indicate whether the symptom was absent, slight, moderate or severe 
that day. Medication use was assessed by having the parents indicate the 
name of the medication and the number of units taken. Three different 
medications could be noted every day. 
Nearly all diaries and Mini Wright Meters were handed out during the 
first week of the study. The participating child and one of the parents 
was present when the diaries and Mini Wright Meters were handed out. To 
promote cooperation the diary was collected every month of the study during 
a home visit. 
11.3.4 Statistical analysis 
For each child separate plots of morning and evening peak flow versus 
day of study were made to note potential trends or irregularities. There 
were six children with exactly the same value during several consecutive 
days. These data were considered unreliable. All data from these children 
were eliminated from the analysis. 
Plots of group mean morning and evening PEF versus day of study were 
also made to note potential training effects described in daily spirometry 
and peak flow testing (20,21). To remove the effect of different groups 
of children contributing to the mean on different days, all individual 
PEF values were transformed into Z-scores. Each individual PEF reading 
for child i was transformed into a Z-score by subtracting the mean PEF 
for child i and dividing the difference by the standard deviation of all 
PEF values for child i. For each day of study the mean of the individual 
Z-scores of the children being measured that day was calculated and plotted 
against day of study. 
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The association between air pollution and morning and evening PEF 
separately was evaluated by individual multiple linear regression analysis 
and subsequent evaluation of the distribution of the individual regression 
slopes. Morning and evening PEF were used as dependent variables, separately. 
Since only two measurements of peak flow were available daily, we considered 
it not useful to analyse daily variation of peak flow as a dependent variable. 
The concentration of S02, N02, BS and PM10 of the same day, previous day 
and average of the previous week were used separately as independent 
variables. Day of the week, ambient temperature and day of study (number 
of days since the start of the study) were included in the regression models 
as potential confounders. The latter variable was included to adjust for 
increases of peak flow due to lung growth. Because the PEF level of a child 
appeared to be correlated with its PEF level of the previous day (autocorrela-
tion) , the calculations were performed using time series analysis based 
upon the Box-Jenkins approach (22). Specifically, the autocorrelation and 
partial autocorrelation function of the residuals were evaluated to identify 
the model that described the autocorrelation sufficiently. The daily mean 
Z-transformed peak flow values were used for this purpose. A first order 
autoregressive model of the residuals resulted in uncorrelated residuals, 
similar to observations in the panel study in Utah Valley (9). First order 
autoregressive parameters were 0.28 and 0.31 for morning and evening peak 
flow respectively. The time series analyses were performed with the SAS-
procedure AUTOREG, using the Yule-Walker estimation method. The few missings 
(Table 11.1) were not interpolated, since we did not want to interpolate 
the response variable. Because maximum likelihood estimates are less sensitive 
for missing values, the results from the PM10 regression models have been 
compared to results obtained using maximum likelihood. Essentially the 
same results were obtained. 
The population mean (SE) regression slope was calculated without using 
the inverse of the standard error of the individual regression slopes as 
weight, since we did not want to assume that the magnitude of the standard 
error was only determined by random error. To detect potential heterogeneity 
of response, mean regression slopes were calculated for several subgroups 
defined by responses to the symptom questionnaire, as well. 
Both symptom prevalence (9,13) and symptom incidence (23) have been 
analyzed in previous panel studies. Advantages of analyzing incidence include 
the lower autocorrelation and potential differential effects of risk factors 
on incidence and duration of symptoms (23) . A disadvantage in a relatively 
small panel is that the number of incident cases is small. Therefore, both 
prevalence and incidence have been analyzed. 
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Daily prevalence was calculated as the fraction of children for whom 
presence of a respiratory symptom or medication use was reported, using 
data only from those children with non-missing diary information for each 
separate day. Four children with more than 50 days missing data were excluded 
from these calculations. A symptom report was considered an incident case 
when the symptom was present and the symptom was not reported the previous 
day. Daily incidence was calculated as the fraction of incident cases from 
the children eligible of becoming an incident case. 
Mean prevalences were then calculated in classes of days defined by 
increasing air pollution concentration levels. Because daily prevalence 
data showed autocorrelation, a time series analysis was performed. Probably 
due to the high prevalence of symptoms in this panel of children, the distri-
bution of the prevalences was close to a normal distribution. Therefore, 
the association was assessed using a linear model as well (Yule-Walker 
estimation method). For several models with symptom prevalence and incidence 
as the dependent variable, a logistic regression with modelling of auto-
correlation was performed (23). The logistic model was specified using 
the MODEL-procedure in SAS. The residuals were modelled using maximum 
likelihood estimates with the ZAR-macro in SAS (additive model). Using 
the partial autocorrelation function of the residuals of the regression 
model, a first autoregressive model was identified for both the linear 
and the logistic model. 
Medication use was divided into bronchodilator use (salbutamol, 
fenoterol and terbutalin), preventive or maintenance medication (cromoglycate, 
theophyllin, anti-histaminica and inhaled corticosteroids), medication 
used against cough, phlegm, stuffed nose and bacterial infections and an 
"other" category. Our hypothesis was that an association between air pollution 
and medication use (if any) should be observed more readily with 
bronchodilator use. 
11.4 Results 
11.4.1 Air pollution levels 
The 24 hour average concentration levels of S02 and PM10 in the study 
period are shown in figure 11.1. Daily average temperatures are shown as 
well. Levels of S02 were only moderately elevated, the highest 24-hour average 
concentration was 105 A*g/m3 • The highest observed 1-hour maximum S02 concen-
tration was 147 /xg/m3, only slightly higher than the 24-hour average. The 
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Figure 11.1 Daily average ambient S02 and PM10 concentrations and temperature 
versus day of study 
was 0.92, consistent with the fact that air pollution concentration levels 
were dominated by long range transport. On six days the PM10 concentration 
exceeded 110 pg/m3, the Lowest Observed Effect Level suggested by WHO (1) . 
On one day the US standard of 150 Mg/1"3 was exceeded. The range of daily 
average Black Smoke concentrations was 2-120 /jg/m3. The highest 1 hour maximum 
N02 concentration was 127 /Jg/m3, well below the concentration levels from 
which health effects can be expected (1). 
Due to technical problems (i.e. failing timers) only three valid 
measurements of acid aerosol were made in Wageningen during the episode. 
The highest concentration of H+ was 0.6 fig/m3, expressed as equivalent 
sulfuric acid. This measurement was an average of three days when PM10-
concentrations were 66, 114 and 144 /ig/m3 respectively. During two days 
the Laboratory of Air Research from the National Institute of Public Health 
and Environmental Protection made 24-hour average measurements of acid 
aerosol using the same technique (19) in Zeist, a small, non-industrial 
town located about 40 kilometers to the west of Wageningen. The concentration 
levels of acid aerosol on these days were 2.5 and 4.4 /ig/m3. During these 
days the PM10-concentration in Wageningen was 114 and 144 /ig/m3 respectively 
















During the first days of February, 1991 the ambient temperature dropped 
below 0 °C. The Pearson correlation coefficients between the measured air 
pollutant concentrations and ambient temperature are presented in table 
11.2. A high correlation was observed between PM10 and Black Smoke. The 
correlations between the other air pollutants and temperature were moderately 
high. 
Table 11.2 Pearson correlation coefficients* between air pollution concentra-
tions* and ambient temperature. Wageningen, December, 25 1990-
March, 17 1991; 83 days 






all correlation coefficients p < 0.001, except the correlations between 
N02 with S02 and temperature (p < 0.02) 
t 24-hour average concentrations and temperature 
' Black Smoke 
11.4.2 Peak flow results 
The group mean Z-transformed Peak Flow values versus day of study 
are shown in figure 11.2. A significant training effect was present during 
the first week of the study. Because of this training effect and because 
not all children participated in the first week of the study, the first 
eight days were removed from the analysis of PEF and diary symptoms and 
medication. 
The average coefficient of variation of the PEF measurements was 9.8% 
(SD 6.4%) for the morning tests and 8.5% (SD 4.6%) for the evening tests. 
The average morning PEF was 290 (SD 68) L/min. The average evening PEF 
was 300 (SD 64) L/min. The difference of 10 L/min was statistically 
significantly different from zero (p<0.001, two-sided paired t-test). 
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PEF 
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Day of study (1-12/17/90) 
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 P E F EVENING 
Figure 11.2 Group mean Z-score of Peak Flow versus day of study 
In table 11.3 the associations of several air pollution indices with 
morning and evening PEF separately are shown. Both same day and weekly 
average PM10, S02 and Black Smoke were negatively correlated with Peak Flow 
readings (some significantly). No association was found between N02 and 
Peak Flow. The 50 children with questionnaire reported asthmatic attacks 
in the previous year, showed the most consistent association with peak 
flow. Their mean (SE) regression slope (using same day PM10 as independent 
variable) was -0.054 (0.017) and -0.036 (0.018) 1.minute"1./ig_1.m3 for morning 
and evening peak flow, respectively. For the 15 children with chronic cough 
but without questionnaire reported asthmatic attacks, mean (SE) slopes 
were 0.015 (0.034) and -0.027 (0.029) 1.minute"1.fig .^m3 respectively. Similar 
results were observed when S02 was used as the independent variable. 
The distribution of individual coefficients was similar to that obtained 
by using Ordinary Least Squares individual regression analysis or specifying 
a second order autoregressive model. This could be expected, since (first 
order) autocorrelation particularly influences the estimate of the standard 
error of the individual regression coefficient. Adjustment for ambient 
temperature by using a dummy variable (less than versus greater or equal 
to zero °C) instead of the continuous temperature variable, gave essentially 
the same results. 
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Table 11.3 Association of Peak Flow with air pollution concentration 
indices. Wageningen, 12/25/90 - 3/17/91, adjusted for ambient 
temperature, day of study and day of the week. N - 67 children 
Pollutant PEF morning 
(1. minute"1./ig_1.m3) 
PEF evening 
(1. minute"1. fig'1. m3 ) 
PMio* 
PM10 lag It 
PM10 week* 
S02 
S02 lag 1 
S02 week 
BS 
BS lag 1 
BS week 




































same day concentration 
previous day concentration 
average of same day and six days before 
mean of individual regression coefficients 
standard error of the mean of individual regression coefficients 
p < 0.10 (two sided test) 
p < 0.05 (two sided test) 
11.4.3 Symptom and medication results 
Plots of symptom prevalence versus day of study showed a decreasing 
trend for cough and cough with phlegm, but not for the other symptoms. 
Therefore, day of study was included in the regression models for cough 
and phlegm prevalence and incidence. 
Mean incidence ranged from 0.009 to 0.035 for the asthma-like symptoms. 
The highest mean incidence of 0.094 was observed for cough. Incidence of 
medication use was unrelated to any of the air pollution variables. Symptom 
incidence was unrelated to previous day and previous week concentrations, 
as well. A positive association was found in the logistic model for phlegm 
incidence with same day S02 and PM10 and runny nose with S02. Confidence 
intervals were wide, however. Odds ratios and 95% percent confidence intervals 
for phlegm, runny nose and wheeze were 1.45 (0.98, 2.15), 1.34 (1.02, 1.76) 
and 1.16 (0.69, 1.94) respectively. These values were associated with a 
change of 50 fig/m3 in same day S02 concentration, using the estimated logistic 
regression slope and its standard error. 
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In table 11.4 the prevalence of acute respiratory symptoms and medica-
tion use is presented in different classes of PM10-concentrations. 
Table 11.4 Prevalence (Z) of acute respiratory symptoms and medication 
use in classes defined by daily average PM10 concentration of 
the same day. Wageningen, 12/25/90 - 3/17/91 
Symptom <- 40 /Jg/m3 40-70 /ig/m3 70-100 fig/m3 > 100 fig/m3 
(27 days) (32 days) (11 days) (9 days) 
Attacks of shortness 3.1 3.8 3.0 5.1 
of breath and wheeze 
Wheeze 
Woke up with 
breathing problems 
Short of breath 
Cough 
Runny/stuffed nose 








































Except for the symptoms cough and phlegm an increase of symptom 
prevalence with increasing PM10 class was observed. A similar pattern was 
present for S02, but not for N02. The highest air pollution concentrations 
occurred simultaneously with the lowest ambient temperatures. Therefore, 
the apparent association in table 11.4 may be confounded by a temperature 
effect. 
In tables 11.5 and 11.6 the associations between air pollution indices 
and the prevalence of acute respiratory symptoms and medication use 
respectively are shown. These associations were adjusted for potential 
confounding by low ambient temperatures (and trend for cough and phlegm), 
using time series analysis. Several respiratory symptoms showed a weak 
positive correlation with S02, PM10 and Black Smoke, but not with N02. wheeze 
showed the most consistent positive association with the various exposure 
indices. First order autoregressive parameters determined in the models 
with same day PM10 were between 0.10 and 0.42 for the asthma-like symptoms, 
between 0.44 and 0.59 for the other symptoms, 0.26 for bronchodilator use 
and 0.61 and 0.63 for the other medication prevalences. 
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Table 11.5 Association of prevalence of acute respiratory symptoms with 
air pollution indices. Wageningen, 12/25/90 - 3/17/91, adjusted 
for ambient temperature 
Pollutant* 
PM„ 
PM„ lag 1 
PM10 week 
SO, 
SO, lag 1 
SO, week 
BS 











































































































































for further explanation, see table 3 
for a full description of the symptoms, see text and table 4 
regression coefficient from a time series model 
standard error of the regression coefficient 
p < 0.10 
p < 0.05 (two sided test) 
The use of bronchodilators was positively correlated with several 
air pollution indices, but not with N02. After adjustment for trend, the 
use of preventive medication was not correlated with exposure to air 
pollution. Weekly average pollution variables appear to be more related 
to symptoms than present day or lagged variables. 
Ambient temperature was negatively correlated with both the prevalence 
of symptoms and with medication use in the multiple regression model. The 
robustness of these results has been tested by using different estimation 
methods and other specifications of the model. Maximum likelihood estimates 
for the models with PM10 as the independent variable were similar to the 
reported coefficients. For the models with PM10 as the independent variable 
a logistic model with an additive first order autoregression model for 
the residuals was calculated. The statistical significance of the results 
was similar to the estimates obtained with PROC AUTOREG. For example, the 
coefficients for wheeze and bronchodilator use were 0.00224 (SE 0.00115) 
201 
and 0.00210 (SE 0.00085) respectively. This similarity was also found by 
Ostro (13) and probably reflected the fact that prevalence data had a normal 
distribution because of the relatively high symptom prevalence in this 
panel. Statistical significance and direction of the association of models 
with the log of the PM10 concentration as the independent variable was similar 
to the model with the untransformed PM10 concentration. Finally, replacement 
of the continuous temperature term by a dummy variable (less than versus 
greater or equal to zero °C) resulted in essentially the same associations 
between air pollution and symptoms. The slope (SE) for the model with same 
day PM10 was 0.026 (0.011) and 0.020 (0.008) for wheeze and bronchodilator 
use respectively. 
Table 11.6 Association of prevalence of medication usage with air pollution 
indices. Wageningen, 12/25/90 - 3/17/91, adjusted for ambient 
temperature 
P o l l u t a n t * 
PMio 
PM10 l a g 1 
PM10 week 
S0 2 
S0 2 l a g 1 
S0 2 week 
BS 
BS l a g 1 
BS week 
B r o n c h o d i l a t o r 
use* 
0 . 0 2 3 ' 
0 . 0 2 0 
0 . 0 3 4 
0 . 0 1 3 
0 . 0 2 5 
0 . 0 5 3 
0 . 0 2 1 
0 . 0 2 3 
0 . 0 5 8 
(0 .008)«-** 
( 0 . 0 0 8 ) * * 
( 0 . 0 1 2 ) * * 
( 0 . 0 1 3 ) 
( 0 . 0 1 2 ) * * 
( 0 . 0 2 7 ) 5 
( 0 . 0 1 2 ) ' 
( 0 . 0 1 1 ) * * 
( 0 . 0 1 7 ) * * 
P r e v e n t i v e 
m e d i c a t i o n 
0 . 0 0 7 
- 0 . 0 0 8 
- 0 . 0 0 2 
0 . 0 0 1 
- 0 . 0 1 3 
0 . 0 0 8 
0 . 0 0 1 
- 0 . 0 0 7 
- 0 . 0 0 6 
( 0 . 0 0 7 ) 
( 0 . 0 0 6 ) 
( 0 . 0 1 3 ) 
( 0 . 0 0 9 ) 
( 0 . 0 0 8 ) 
( 0 . 0 1 8 ) 
( 0 . 0 1 0 ) 
( 0 . 0 0 9 ) 
( 0 . 0 1 8 ) 
"Cough" 
m e d i c a t i o n 
- 0 . 0 0 5 
0 . 0 0 2 
0 . 0 0 5 
0 . 0 1 1 
0 . 0 1 2 
0 . 0 4 2 
- 0 . 0 0 1 
- 0 . 0 0 0 
0 . 0 2 0 
( 0 . 0 0 6 ) 
( 0 . 0 0 6 ) 
( 0 . 0 1 2 ) 
( 0 . 0 0 8 ) 
( 0 . 0 0 7 ) * 
( 0 . 0 2 1 ) * * 
( 0 . 0 0 9 ) 
( 0 . 0 0 8 ) 
( 0 . 0 1 7 ) 
for further explanation, see table 3 
t for explanation of medications grouping, see text (methods) 
* regression coefficient from time series model 
1
 standard error of the regression coefficient 
* p < 0.10 
** p < 0.05 (two sided test) 
11.5 Discussion 
Moderately elevated concentration levels of PM10, S02 and Black Smoke 
were associated with small but statistically significant decrements of 
Peak Flow in a panel of children with chronic respiratory symptoms. The 
daily prevalence of wheeze had a consistent positive correlation with the 
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air pollution indices, except N02. Prevalence of asthma attacks, woken up 
with breathing problems, shortness of breath and runny nose had a weak 
positive correlation with several of the air pollution indices. There was 
also a positive correlation between the prevalence of bronchodilator use 
and PM10, Black Smoke and S02. Although the associations with the three 
health endpoints separately were weak and not always statistically signifi-
cant, the relationships with the three health endpoints were generally 
in the same direction. 
The highest concentration levels of PM10, Black Smoke and S02 were 
observed during a 14 day period in February 1991. The meteorology of this 
period was dominated by an east circulation, resulting in transport of 
cold and polluted air from Germany and Eastern Europe. Under similar condi-
tions winter air pollution episodes occurred in January, 1985 and January, 
1987 (4,5). Concentration levels of particulate matter and especially S02 
were lower in the 1991 episode than in the 1985 and 1987 episodes. This 
might be a result of significant emission reductions in the Ruhr area since 
1987. Concentration levels of acid aerosol were probably low during this 
period. The S02 concentration levels were well below the suggested guideline 
of WHO. On six days PM10 concentrations were above the level of 110 /ug/m3, 
the Lowest Observed Effect Level suggested by WHO (1). 
During the period with the highest air pollution concentrations ambient 
temperatures were low as well. Cold air can be a cause of respiratory symptoms 
and pulmonary function decrements in asthmatics (9,11). Therefore, all 
associations were adjusted for ambient temperature. In most regression 
models the temperature regression coefficient was statistically significantly 
negative when Peak Flow was the dependent variable and positive when symptom 
or medication prevalence was the dependent variable. 
More frequent respiratory infections associated with cold weather 
may also have confounded the observed associations. However, respiratory 
infections usually result in increased reporting of cough and/or runny 
nose and these two symptoms were not consistently related to air pollution. 
All air pollutant concentrations were below the limits used in the 
Dutch smog alert system. There was no publicity about elevated air pollution 
concentrations. Especially the reporting of symptoms and medication use 
might have been biased in case of much publicity, a subject discussed by 
Cohen et al. (24). 
Time trends of pulmonary function attributed to training effects of 
daily performance of pulmonary function tests have been noted before (20,21) . 
In this study there was a significant training effect during the first 
days of the study. These days have been excluded from the analysis. Day 
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of study was included in the model to adjust for lung growth. This would 
also take care of gradual deterioration of new Mini Wright meters, recently 
observed by Shapiro et al. (25). 
Air pollution appeared to be more related to daily symptom prevalence 
than daily symptom incidence. Factors which explain this may include the 
relatively moderate autocorrelation present in the prevalence of particularly 
asthma like symptoms and bronchodilator use and the low number of incident 
cases. The moderate autocorrelation may have resulted from the fact that 
children were not selected from one neighborhood or school, but from the 
two towns as a whole. The panel studies by Pope et al. (9) and Ostro et al. 
(13) reported associations between symptom prevalence and air pollution, 
as well. In a study of pre school children in Switzerland, in only one 
of the evaluated models an association between daily symptom incidence 
and air pollution was found (26) . The power of our study to use incidence 
data may not have been sufficient. This is supported by the lack of associa-
tion between temperature and incidence (except for runny nose). 
It might be questioned whether exposure to air pollution was adequately 
characterized by fixed site ambient air concentrations only, since people 
spend a large proportion of their time indoors. If so, the resulting mis-
classif ication of exposure would probably have resulted in a downward bias 
of the observed association between air pollution and health endpoints. 
Moreover, although the temperature was low during the episode, the weather 
was not unpleasant. Many children and adults were outdoors for several 
hours skating on frozen canals, ponds or river beds. No specific time use 
information was obtained for this panel of children. Finally, in the air 
pollution episode of January, 1985 the concentration levels of indoor airborne 
particles and N02 were clearly elevated during the episode (27). 
The observation of associations of moderately elevated concentrations 
of air pollution characterized by particulate matter and S02 with respiratory 
effects, is consistent with several recent studies (4-9,13,26,28-30). 
Increased hospital admissions were associated with higher PM10-concentrations 
in Utah Valley (8) and increased S02 and Black Smoke concentrations in 
Barcelona (7). Decrements of pulmonary function were observed in Steubenville, 
OH (6) and two studies in the Netherlands (4,5). In a panel of 24 adult 
asthmatics in Denver only particulate nitrate but not sulfate, PM25 and 
S02 were associated with symptoms and nebulizer use (12). None of the air 
pollution variables was associated with peak flow (12) . A study involving 
three panels of children with persistent wheeze, chronic cough and no chronic 
respiratory symptoms respectively did not find associations of peak flow, 
upper and lower respiratory symptoms with S02, NOz and Coefficient of Haze 
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(14) . The study was performed in the Chestnut Ridge region (PA), dominated 
by coal-fueled power stations. Region mean S02 24 hour average concentrations 
ranged from 18 to 176 /ig/m3, but at individual monitoring sites higher 
concentrations were measured. 
The results of our study are nearly identical to the results recently 
reported from a panel study with a similar design in Utah Valley (9). In 
that study with similar PM10 concentration levels but very low sulfur dioxide 
levels and probably different climatic conditions, associations between 
PM10 and with peak flow, symptoms and medication were found as well. 
The magnitude of the observed associations was relatively small. The 
small Peak Flow decrements and symptom increases may have been mitigated 
by increased bronchodilator use. Weekly average concentrations had stronger 
relationships with symptoms and medication than present day or one day 
lagged concentrations. This is consistent with observations from Utah Valley 
and Steubenville, OH (9,31). 
It is not clear from the presented data what component(s) of the episode 
mixture was responsible for the observed respiratory effects. Levels of 
acid aerosol were probably low, as was the case in Utah Valley (9) . Nitrogen 
dioxide was not related to any of the health endpoints of this study, although 
the correlation of this component with PM10 was the same as the correlation 
between S02 and PM10. This was also observed in other epidemiological studies 
evaluating ambient air pollution (7,32) . It is also consistent with results 
from clinical studies and indoor air pollution studies (1) . Direct S02 effects 
are unlikely at these levels (1). 
In conclusion, moderately elevated concentrations of wintertime PM10 
and S02 were associated with small decrements of Peak Flow and increases of 
wheeze and bronchodilator use in a panel of children with chronic respiratory 
symptoms. 
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12.1 Main findings 
The occurrence of photochemical air pollution episodes in the summer 
of 1989 was associated with decrements of childrens' pulmonary function. 
The 1-hour maximum ozone concentration in the study period frequently exceeded 
160 /ig/m3, but the Dutch air quality standard of 240 /ig/m3 was not exceeded. 
A significant association was found between the ozone concentration of 
the previous day and pulmonary function of the children. The group mean 
pulmonary function decrement associated with a 240 /ig/m3 change of the ozone 
concentration ranged from 2% for FVC to 9% for PEF, which is in the lower 
range of observed decrements in summer camp studies (1). Individual children 
experienced larger decrements, since systematic differences in response 
between individual children were observed. This finding is consistent with 
controlled exposure studies with ozone (2). Children with chronic respiratory 
symptoms did not show a larger response. Daily prevalence and incidence 
of acute respiratory symptoms of these children was not associated with 
the ozone concentration during these photochemical episodes. A pulmonary 
function decrement without increased symptoms associated with exposure 
to ozone has been observed in controlled exposure studies with children, 
as well (1). 
In contrast, in the same summer no association was found between Peak 
Flow of children participating in sports activities and exposure to photo-
chemical air pollutants during these activities. Exercise duration was 
about one hour and exercise intensity was moderate. Probably, the short 
exposure duration and the relatively moderate ozone concentrations explain 
this finding. In studies with higher exercise levels there is no evidence 
that one hour exposure to ozone concentrations of between 160 and 240 /ig/m3 
result in pulmonary function decrements (3). A weak association was found 
between the maximum ozone concentration of the previous day and Peak Flow 
of these children, consistent with observations in the main study. 
Due to mild weather conditions during the study period no major winter 
air pollution episode occurred. In the winters from 1987 to 1990 several 
stagnation episodes occurred with elevated concentrations of N02, PM10 and 
major ions of fine particulate matter. In the winter of 1990/91 a transport 
episode with moderately elevated concentrations of PM10 and S02 occurred. 
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In spite of the only moderate concentrations, small but statistically 
significant associations were observed between the concentration of PM10 
and pulmonary function in all three study populations (chapters 9, 10 and 
11). For N02 and S02 a negative association with pulmonary function was 
found for one of the studied winters only. Group mean decrements were small 
(about 2% for an increase of 100 /Jg/m3 of PM10) , but some heterogeneity 
of response between individual children has been observed, indicating that 
for some children the decrements were larger. No association between air 
pollution concentrations and prevalence (incidence) of acute respiratory 
symptoms was found for the general population samples of mainly healthy 
children (chapters 9 and 10) . However, for the panel of children with chronic 
respiratory symptoms an increase of several acute respiratory symptoms 
and bronchodilator use was observed with increasing air pollution concentra-
tions . The observed associations at low level air pollution concentrations 
are consistent with two recent studies in Utah Valley documenting Peak 
Flow decrements, symptom increases and medication use increases in association 
with increased PM10 concentrations (4,5). In addition, increased hospital 
admissions (6) and mortality (7) have been observed at only moderately 
elevated concentration levels of particulate matter and S02 in a recent 
study in Barcelona, Spain and Steubenville, OH, USA. 
Air pollution measurements performed with annular denuder filter packs 
and a continuous sulfuric acid monitor, showed that ambient concentration 
levels of acid aerosol did not reach the high levels occasionally observed 
in the North-east of the United States and Canada (8,9). This is probably 
due to the much higher ammonia concentrations observed in the Netherlands, 
resulting in near complete neutralization of atmospheric aerosol acidity. 
Relatively high concentrations of the gaseous acid H0N0 have been observed, 
particularly in the winter season. 
The repeated measurement of pulmonary function resulted in time trends 
that were different from the small linear increase expected because of 
lung growth of the children. The Peak Flow increase with time was larger 
than expected from lung growth. The other pulmonary function variables 
- FVC, FEV1-0 and MMEF - increased less than expected. These time trends 
of pulmonary function may confound associations between pulmonary function 
and air pollution, if not properly taken into account in the data analysis. 
Time trends in spirometry performed daily in children have been reported 
for some summer camp studies, as well (10). 
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12.2 Association or causation 
It is generally accepted in epidemiologic theory that the observation 
of a statistically significant association between an exposure variable 
and a health endpoint, does not necessarily imply a causal relationship 
(11-13). Several criteria have been proposed that help judge whether an 
observed association is likely to be causal (11). These criteria include 
among others the strength of the association, consistency of the results 
with other studies, temporal relationship (cause should precede the effect), 
the presence of a dose response relationship and biological plausibility. 
With the exception of the third criterion, none of these criteria can be 
applied unambiguously (11-13). 
The current status in air pollution epidemiology is an illustration 
of the problems associated with using these criteria. The associations 
observed in this study were weak, as is generally the case in epidemiological 
studies of health effects of low levels of air pollution (14,15). There 
is sufficient evidence from other epidemiological investigations that air 
pollution may affect respiratory health, but it is much less clear at what 
concentration levels this occurs. The temporal relationship is probably 
not an issue in this type of longitudinal study. It has been taken into 
account by relating health endpoints to air pollution concentrations of 
the same day or previous days. Tabulation of prevalence of respiratory 
symptoms and medication use in classes of increasing PM10 concentrations, 
suggested a continuous exposure response relationship (chapter 11) . 
Respiratory effects due to ozone exposure at similar concentration levels 
also have been observed in human controlled exposure studies and animal 
studies (1). Respiratory effects of winter type pollutants at the concentra-
tions observed in this study, have not been reported in human controlled 
exposure studies. 
Another important evaluation is the assessment of potential sources 
of bias, that may limit the internal validity of the study. Bias, defined 
as the difference between an observed and a true association, in epidemiolo-
gical studies has been classified in a wide number of types (12,13). A 
convenient broad classification proposed by these authors is selection 
bias (12.2.1), confounding bias (12.2.2) and information bias (12.2.3). 
12.2.1 Selection bias 
Selection bias occurs when the composition of the study population 
is such, that the association between exposure and health endpoint differs 
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from the true association in the population base. 
It is unlikely that selection processes could have caused bias in 
this study, because each child has served as its own control in most 
statistical analyses. Bias due to the small non-response (section 3.2) 
may only have occurred in the unlikely case that non-response was associated 
with susceptibility to air pollution. 
Because the analysis of associations of air pollution with acute 
respiratory symptoms involved the calculation of daily symptom prevalences 
and incidences, bias might have occurred if the children of the parents 
that did not fill out the symptom diary during the complete study period 
had a lower or higher probability of developing acute symptoms. If in addition 
the exposure variable showed a trend with day of study, bias would have 
occurred. This potential problem has been addressed by restricting the 
analysis to the children for whom the diaries were completed during the 
whole study period. 
12.2.2 Confounding bias 
Confounding bias occurs when the observed association between exposure 
and effect differs from the true association because of a third variable 
that is correlated with the exposure variable and the health endpoint. 
This third variable has to be an independent risk factor of the health 
endpoint. Because in this investigation associations between time varying 
variables were studied, time invariant variables such as age, sex and socio 
economic status can not confound associations between exposure and effect. 
Factors that have been considered as potential confounders in the 
previous chapters were meteorologic variables (ambient temperature, relative 
humidity), airborne pollen, respiratory infections, seasonal trends caused 
by other factors and trends in pulmonary function or symptom reporting. 
From the meteorological variables ambient temperature is probably 
the most important potential confounder (14). Summer episodes are generally 
associated with high ambient temperatures, winter episodes with low 
temperatures. A low air temperature has been reported to be an independent 
risk factor of both respiratory symptoms and lower pulmonary function, 
both in epidemiological and controlled exposure studies. Therefore, adjust-
ments for low ambient temperature have been made by including temperature 
as an independent variable in a multiple regression (or time series) model 
(chapters 9, 10 and 11) and by exclusion of cold days (chapter 11). The 
adjustment resulted in unconfounded associations with air pollution of 
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generally smaller magnitude and less statistical significance than unadjusted 
results. 
As there is no evidence that temperatures up to about 30 °C are an 
independent risk factor of pulmonary function decrements or increased 
respiratory symptoms, no temperature adjustments were made in summer episode 
analyses (chapters 6 and 7). 
The potential bias due to airborne grass and birch tree pollen has 
been addressed by including them as additional independent variables in 
multiple regression models and by considering the association between exposure 
and effect in non-allergic children, as it may be expected that only allergic 
children respond to pollen (chapter 6). Airborne pollen counts were not 
associated with pulmonary function level. Moreover, the association between 
ambient ozone and pulmonary function was observed for non-allergic children, 
as well. 
Trends in pulmonary function due to growth and training effects (chapter 
5) have been addressed by including a linear trend term in all regression 
models and by examining the impact of excluding the first or first two 
pulmonary function test days. It is unlikely that substantial residual 
confounding has occurred. None of the calculated mean slopes of pulmonary 
function on a pollution variable was materially affected by excluding the 
first tests. 
Trends in symptom reporting were examined in graphs of daily symptom 
prevalence versus day of study and adjusted for by including day of study 
in some models. Downward trends in symptom reporting have been observed 
in several of the panel studies cited in chapter 11. In none of the evaluated 
models, trend adjustment resulted in a significant positive association 
between exposure and effect. In some models an unadjusted significant negative 
slope, was insignificant after trend adjustment (chapter 11). 
Because of the relatively short period (approximately three months) 
that an individual child participated in the study, seasonal variation 
of health endpoints unaccounted for by the previously mentioned factors 
was probably of little importance. In addition, the trend adjustment procedure 
would probably have removed remaining influences. 
Adjustment for respiratory infections is a difficult problem particular-
ly for winter periods, because infections could be independent risk factors 
or part of the mechanism of air pollution related respiratory illness. 
A second problem is the diagnosis, since in this study only reported symptoms 
by both the parents and the child were available. Probably, respiratory 
infections did not play an important role in this study, since no clear 
associations between air pollution and symptoms of cough and runny nose 
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were observed. In addition, no high prevalences of fever occurred during 
periods with elevated air pollution concentrations. 
Although this evaluation suggests the absence of serious confounder 
bias, it can not be excluded that due to error in the measurement of 
confounders, some bias may have occurred (12). 
12.2.3 Information bias 
Information bias occurs when the procedures of conducting exposure 
or effect measurements result in associations that are different from the 
true association between exposure and effect. 
Observer bias may have occurred when additional pulmonary function 
tests were made on episode days because the pulmonary function technicians 
approximately knew the air pollution situation (chapter 6) . Thus no double 
blind measurements could be made. This potential problem was addressed 
by restriction of the analysis to regular test days, which showed elevated 
ozone concentrations, as well. After restriction to regular pulmonary function 
test days, the association between pulmonary function and ozone concentration 
was still significant. Moreover, since decrements for all four pulmonary 
function variables were found, technician bias seems unlikely. The most 
likely bias would be a decrement of the most effort dependent variable 
(PEF), which would have been accompanied by an increase of the other pulmonary 
function variables by the mechanism of negative effort dependence (16, 
chapter 5). 
Observer bias in symptom reporting may have occurred when parents 
of the children were informed by the mass media about photochemical episodes 
in 1989. Apparently this was not a very important factor, since no associa-
tions were found between symptoms and air pollution. 
The positive correlation that was observed between ambient temperature 
and childrens' Peak Flow, was interpreted as a temperature impact on the 
readings of the Mini Wright Peak Flow Meter (chapter 8). Because of the 
high correlation between ambient temperature and ozone concentration, 
adjustment for temperature was not possible when same day ozone effects 
were evaluated. For previous day ozone adjustment for temperature suggested 
a borderline significant negative association. This adjustment was possible, 
because of the lower correlation of previous day ozone concentration and 
temperature during the test. The Peak Flow after minus before the sports 
training (the main health endpoint) was not affected by this temperature 
effect. 
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Another bias that may have occurred in the summer 1989 study (chapter 
6) is potential over adjustment of the ambient temperature impact by trans-
forming observed spirometric pulmonary function data to BTPS, which is 
an integral part of the protocols of both ATS and ECCS (16). This would 
particularly influence Peak Flow, as this variable is determined early 
in the expiration and the exhaled air may not have cooled to ambient 
temperature (16). Therefore, the calculations for Peak Flow in chapter 
6 have been repeated without temperature adjustment to BTPS. The mean (SE) 
regression slope of PEF on previous day ozone was still highly significant: 
-0.86 (0.26) as compared to -1.51 (0.27) ml.s'Vg"1^3 for the BTPS transformed 
PEF. To the degree that cooling of the exhaled air has occurred, this estimate 
represents an underestimate of the true slope. 
Finally, random errors in the measurement of the exposure variable 
have been shown to result in a bias towards the null in estimated regression 
slopes and correlation coefficients (12,17). The resulting bias depends 
on the ratio of within to between person variability of the exposure variable. 
This bias has been shown to be appreciable for several commonly used exposure 
variables in environmental epidemiology (15,18). In this study the daily 
average or maximum hourly outdoor concentration of a pollutant measured 
at a fixed site has been used as the exposure variable. Several factors 
may cause deviations of this exposure estimate from the biologically most 
desirable estimate (inhaled pollutant dose). 
First, the selected sample duration may not be the best averaging 
time of the biologically relevant exposure. This is probably not a major 
problem, since due to the selection of the towns, air pollution was mainly 
dominated by long range transport. Thus, the probability of short peak 
concentrations with low daily averages was small. For S02 and N02 the 
correlation between hourly maximum and daily average concentration was 
found to be above 0.95. For 03 the correlation between the 1 hour maximum 
and the 8 hour maximum was found to be above 0.96. In the analysis different 
lags between the concentration measurement and the health outcome have 
been evaluated, since the time course of resulting health effects was not 
known well. 
Second, the measured component may be only an indicator for potentially 
more relevant components of episode mixtures. This might be a problem of 
unknown magnitude for winter air pollution (chapter 1 and 2). Compared 
to many previous episode studies, air quality was rather extensively 
characterized. Yet, it can not be excluded that important components were 
not measured. 
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Third, significant spatial variation of ambient concentration might 
occur. This has been shown to be a problem in large urban areas (19,20) 
for the S02 and smokeshade (a measure of particle concentration) concentration 
level. The magnitude of this problem depends upon the pollutant and the 
presence of important local sources. In five US medium sized cities, the 
mean fine particle (mass and sulfate) concentration was not different between 
three sites in each town (21). There was some difference in the concentration 
of inhalable particles (PM15). Since in the present study non-industrial 
small towns have been selected, spatial variation is probably not a large 
problem for most components measured. The ammonia concentration may be 
an exception, particularly in Deurne. 
Fourth, differences in concentration between indoor and outdoor micro-
environments have been observed for a number of air pollutants (22-24). 
Errors in the estimated slope may be introduced by a low correlation between 
outdoor and indoor exposure and by absolute concentration differences. 
The second issue has been illustrated with Monte Carlo simulations of an 
air pollution acute effects study (25). Depending particularly on the 
penetration of outdoor air in the indoor environment, an appreciable error 
in the estimated slope was found (25) . Considerable information is available 
about indoor/outdoor (I/O) concentration ratios for N02, respirable particles 
and to some extent S02 and ozone (22-24,26). Much less is known about I/O 
ratios of acidic air pollutants. Pollutants that may have both indoor and 
outdoor sources and thus I/O ratios frequently in excess of unity include 
N02, respirable particles, ammonia and HONO (22-24,27,28). Less reactive 
pollutants that are mainly of outdoor origin and thus have I/O ratios close 
to unity, include fine particle sulfate, nitrate and ammonium (27-30). 
Pollutants with mainly outdoor sources and high reactivity and thus typically 
I/O ratios much smaller than unity include S02, HN03, aerosol H+ and 03 
(27,28,31-35). The air exchange rate of the building is an important 
determinant of both the magnitude of the I/O ratio and the correlation 
between indoor and outdoor concentration (28 , 32 , 35). The I/O ratio of ozone 
has been reported to vary from 0.2 to 0.8, depending upon ventilation 
characteristics of the building (35). 
Although a fair amount of information is available about indoor-outdoor 
concentration differences, less information is available about the correlation 
of indoor concentration and outdoor concentrations within the same home. 
In a study during an air pollution episode in January 1985, indoor concentra-
tion levels of N02 and airborne particles were substantially increased 
compared to levels before and after the episode (36) . Indoor S02 concentra-
tions followed changes in outdoor concentrations, depending on the ventilation 
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levels of the office building (32). Indoor ozone concentration patterns 
were shown to track outdoor concentration patterns (35). 
Fifth, activity patterns of the children determine both the time spent 
outdoors and the exercise level and thus minute ventilation. There is only 
very limited systematic information available about time activity patterns 
of children in the Netherlands relevant for exposure estimation. A study 
in Veenendaal showed that in the spring, fall and winter 4-6 year old children 
spent 9, 7 and 3% of time outdoors respectively (37). No data about relevant 
activity patterns of children are available to our knowledge. In two studies 
in the USA time spent outdoors of children, was estimated to be about 10% 
(38) and about 17% in July (39) and about 10% in September (39) . A consider-
able variability was noted in the percentage of time spent outdoors between 
individual children in both studies. In two studies, it was observed that 
exercise levels were higher outdoors than indoors (39,40) suggesting that 
outdoor exposures are more important in determining inhaled dose than 
estimated from the contribution to personal exposure. 
In conclusion, information bias may have played a role, particularly 
through indoor/outdoor concentration differences. However, since the expected 
direction of the bias is towards the null, it does not explain the observed 
associations. 
12.3 Implications 
Even if a statistically significant association between exposure and 
an effect is interpreted as a causal relationship, the effect is not 
necessarily of medical importance. When increasingly sensitive methods 
of measuring health effects and exposure are used, very small effects can 
be demonstrated that are not necessarily adverse (41). In a discussion 
about the health effects of ambient ozone, Vostal interprets the observed 
pulmonary function decrements due to ozone exposure as merely a physiological 
defense reaction (42) . Lippmann disagrees with this interpretation, because 
airway inflammation due to ozone exposure has been demonstrated (43) . In 
a discussion of two recent studies showing small increases in morbidity 
(6) and mortality (7) associated with low level air pollution, questions 
about the importance of the associations found with sophisticated statistical 
methods were posed (44,45). 
The decision about what responses are considered adverse depends on 
scientific knowledge and value judgements. In 1985 the ATS issued a statement 
on this issue, but no quantitative guidelines for the judgement of transient 
217 
acute pulmonary function decrements were presented (46) . The ATS considered 
transient reversible changes of pulmonary function without simultaneous 
asthmatic attacks not to be adverse (46). It was noted that susceptible 
individuals in the population might show a much larger response than the 
observed population mean response (46). Without presenting supporting 
evidence, it was stated that repeated episodes did not seem to have a 
persistent effect on respiratory health (46). Higgins illustrated the 
difficulty of judging an acute physiological effect (such as on pulmonary 
function) if the mechanism is unknown (47). His most important criterium 
was the long term consequences of repeated peak exposures (47). Lippmann 
stated that in general decrements of pulmonary function are considered 
adverse (41) . However, considerable disagreement exists about the magnitude 
of the decrement that is considered adverse. 
Several proposals have been made to classify acute responses to air 
pollutants in a quantitative way (41,48,49). The Dutch Health Council and 
a working group of WHO classified responses as mild, moderate and severe. 
The criteria used were limitation of physical or mental functioning, duration 
of an effect, decrement of reserve capacity, reversibility of the effect 
and impact on medical prognosis (48 ,49) . Lippmann in discussing a statement 
by the USA Environmental Protection Agency distinguished mild, moderate, 
severe and incapacitating pulmonary function responses based on the magnitude 
of the decrement, duration of the effect, simultaneous occurrence of symptoms 
and limitation of activity (1,41). 
As the group mean decrements in children's pulmonary function during 
summer air pollution (chapters 6, 7 and 8) were less than 102 (1) and 5% 
(48,49) and there was no evidence of increased symptoms, the response would 
probably be rated as a mild response only. This rating might be qualified, 
since the response was observed approximately 24 hours after exposure 
occurred. In addition, there is extensive discussion about the possibility 
that repeated exposure to peak ozone concentrations may lead to chronic 
respiratory disease (1,26). There is evidence for this from animal controlled 
exposure studies (26). Moreover, differences of response between children 
were documented. Thus individual children experienced larger pulmonary 
function decrements. A final qualification is that the percent decrement 
observed was calculated from a regression model in which the exposure variable 
was measured with error. 
As the group mean decrements in children's pulmonary function during 
winter air pollution episodes (chapters 9, 10 and 11) were less than 5% 
and there was no evidence of increased symptoms in healthy children, the 
response would probably be rated as a mild response only. In addition there 
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was no evidence of persistence of the decrement (chapter 9) . A qualification 
is that small individual differences in response between children were 
found. In contrast, the small pulmonary function decrement observed in 
children with chronic respiratory symptoms was accompanied by increased 
symptoms and medication use (chapter 11) . This response would probably 
be rated as a moderate response and thus be considered adverse (41). 
A working group of WHO suggested that no other action than announcement 
of an episode and the associated health effects was necessary when health 
effects are mild (48). When health effects are moderate, public advice 
about dose reduction for sensitive individuals could be considered. When 
effects are expected to be severe, additional measures including traffic 
limitation could be considered. 
The results of the present study in combination with other recent 
studies might have an impact on current air quality standards, which were 
designed to reduce baseline risks, as opposed to smog alert systems. Several 
studies including the present one have documented non-trivial respiratory 
effects associated with ambient ozone at concentrations below the present 
standard of the Netherlands and the USA (240 /Jg/m3 as an one hour maximum 
concentration). Collectively, these studies support the recommendation 
by WHO of a guideline expressed as an 8-hour average of about 100-120 /ig/m3 
(50). 
In 1987 WHO suggested a guideline of 70 /ig/m3 for thoracic particles 
based on a lowest observed effect level of 110 /ig/m3 with respect to transient 
pulmonary function changes (50). These values were considered tentative, 
since they were based upon one study. The present study and several other 
recent studies support the recommendation of this very low guideline. 
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Summary 
In chapter 1 the background of the study is presented. After a short 
historical overview some issues of air pollution epidemiology that were 
important for the design of the present study are discussed. More specific 
information about concentration levels and observed health effects of past 
air pollution episodes in the Netherlands is summarized. Finally, the goals 
of the study are stated. The main goal was the evaluation of acute effects 
of air pollution episodes on respiratory health of children. The second 
goal was the evaluation of differences in respiratory response to air 
pollution between children. The third goal was evaluation of the importance 
of different pollutants with respect to respiratory effects of air pollution 
episodes. 
Chapter 2 provides a review of the results of previous epidemiological 
and human controlled exposure studies of the acute effects of air pollution. 
This chapter serves as a background for the following chapters. 
In chapter 3 the design, methods and population of the study are 
discussed. The study can be characterized as a longitudinal epidemiological 
investigation with repeated measurements within the same subject. Exposure 
to air pollution was characterized by the ambient concentration of several 
components at fixed sites . In addition to the routinely measured pollutants 
S02, N02, 03 and Black Smoke, measurements of a specific size fraction of 
airborne aerosols (PM10) and the chemical composition of fine particles 
have been conducted. These measurements included the concentration of sulfate, 
nitrate, ammonium and strong acidity (H+). Health endpoints were pulmonary 
function measured with spirometry and the occurrence of acute respiratory 
symptoms with a diary filled in by the parents. Pulmonary function was 
measured six to ten times repeatedly within the same child with a fixed 
interval of between one and three weeks between successive tests. Additional 
tests were made during episodes. Data were collected for a period of 3.5 
year from 1851 children of 7 to 11 years. The association of air pollution 
with pulmonary function and acute respiratory symptoms was assessed by 
individual linear regression analysis and time series analysis, respectively. 
In chapter 4 results of the air pollution measurements are discussed. 
From October, 1987 to April, 1990 monitoring of atmospheric acidity has 
been performed at 8 locations (including four sites operated by RIVM). 
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Sampling was performed with annular denuder filter pack systems at all 
sites and a continuous sulfuric acid monitor at one site. High concentrations 
of acid aerosol have not been observed, the highest daily average concentra-
tion, expressed as sulfuric acid, was 8.1 /Jg/m3. Very high ammonia concentra-
tions (mean concentration higher than 10 /ig/m3) were observed at a site 
influenced by intensive livestock farms. Daily average nitrous acid concentra-
tions up to 20 Mg/m3 have been observed, mostly at the more traffic influenced 
sites. Limited spatial variability of the concentration of the aerosol 
components sulfate, nitrate and ammonium was found, consistent with the 
impact of long range transport on the concentrations of these components. 
Larger spatial variability was observed for gaseous HONO, HN03 and particular-
ly ammonia, consistent with the impact of local or regional sources. 
In chapter 5 time trends in repeated spirometry independent of air 
pollution are discussed. During the study period Peak Expiratory Flow (PEF) 
was found to increase more than expected from lung growth, whereas for 
Maximal Mid-Expiratory flow (MMEF) a decrease wich time was observed. For 
Forced Vital Capacity (FVC) and Forced Expiratory Volume in one second 
(FEVj
 0) a smaller than expected increase with time was observed. For FVC 
and FEVX 0 a non-linear relation with time was observed, for PEF and MMEF 
this relation was approximately linear. These patterns may confound observed 
associations between air pollution and pulmonary function. The particular 
changes of spirometric variables with time need to be taken into account 
when repeated lung function tests are performed to investigate acute effects 
of air pollution exposure. The observed time trends of pulmonary function 
variables may be explained by a training effect of Peak Flow and so called 
"negative effort dependence". 
In chapter 6 the association between photochemical air pollution 
episodes in the spring and summer of 1989 and pulmonary function of children 
is discussed. One hour maximum ambient ozone concentrations frequently 
exceeded 160 /xg/m3, but were all lower than the Dutch Air Quality Standard 
of 240 fig/m3. Significant negative associations of previous day ambient 
ozone concentration with FVC, FEV10, PEF and MMEF were observed. Systematic 
differences in response between individual children were observed. Children 
with chronic respiratory symptoms did not have a stronger response than 
children without these symptoms. 
In chapter 7 the association between photochemical air pollution 
episodes in the spring and summer of 1989 and the occurrence of acute 
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respiratory symptoms is presented. No associations between daily symptom 
prevalence and incidence with same day or previous day concentration levels 
of ozone, PM10, aerosol sulfate and aerosol nitrate were observed. The 
observation of pulmonary function decrements without a symptomatic response 
is consistent with observations in a number of controlled exposure studies 
of children, but might also be related to limited power of detecting small 
symptom increases. 
Chapter 8 deals with the association between ambient ozone concentra-
tions and Peak Flow (PEF) of exercising children. Peak Flow was measured 
with Mini-Wright Peak Flow Meters, both before and after an outdoor sports 
training. The relationship between PEF and ozone was investigated, using 
individual regression analysis. The difference of Peak Flow after and before 
the training (5PEF), and the PEF level after the training, were used as 
dependent variables. The highest observed 1-hour maximum ozone concentration 
was 236 /jg/m3. 5PEF was unrelated to the ambient ozone concentration during 
the training. Exercise levels of the children were judged to be low to 
moderate. Peak flow measured after the training was positively correlated 
with ambient temperature. Due to the high correlation between ozone and 
temperature, it was not possible to evaluate effects of the maximum ozone 
concentration of the same day on peak flow after the training. A small 
negative association of borderline statistical significance between peak 
flow after the training and previous day maximum ozone was observed, after 
adjustment for ambient temperature. This adjustment was possible, because 
of the lower correlation of previous day ozone concentration and temperature 
during the test. 
In chapter 9 the associations between winter air pollution and 
respiratory health of the children who participated during the winters 
of 1987/88, 1988/89 and 1989/90 are presented. There was a small negative 
association between the concentration of nitrogen dioxide, PM10, aerosol 
sulfate, aerosol nitrate and nitrous acid and pulmonary function. Sulfur 
dioxide was not associated with pulmonary function. The observed mean response 
was not larger in children with chronic respiratory symptoms. Small 
differences in response between individual children were found. No association 
with acute respiratory symptoms incidence and prevalence was found. 
Chapter 10 describes the association between air pollution in the 
winter of 1990/91 and pulmonary function and acute respiratory symptoms 
of a general population sample of 112 7-11 year old children living in 
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a non-urban community. Spirometry was performed on six days with a fixed 
interval of three weeks between successive tests. During an air pollution 
episode an additional pulmonary function test was made. In February 1991, 
an air pollution episode occurred with daily average S02 concentrations 
slightly above 100 /ig/m3 and PM10 concentrations reaching 174 /ig/m3. During 
the episode FVC, FEV!
 0 and MMEF were lower than on baseline tests. 
Significant negative associations were found between the concentration 
of S02, BS and PM10 and pulmonary function. Differences in response between 
individual children were observed. No association between prevalence of 
acute respiratory symptoms and the concentration of these components was 
found. 
In chapter 11 the association between air pollution in the winter 
of 1990/91 and respiratory health of a panel of 73 children with chronic 
respiratory symptoms is presented. Peak Flow was measured twice daily with 
Mini Wright Meters. A diary was used to register the occurrence of acute 
respiratory symptoms and medication use of the children. After adjustment 
for ambient temperature, there were small but statistically significant 
negative associations of PM10, BS and S02 with both morning and evening 
PEF. There was a consistent positive association between PM10, BS and S02 
with the prevalence of wheeze and bronchodilator use. 
Chapter 12 provides the general discussion. After a summary of the 
main results of the study, the influence of several potential biases is 
discussed. Probably the most important bias is introduced by measurement 
error in the exposure variable. Finally, the implications of the study 
results are compared to evaluation schemes of the adverseness of observed 
responses devised by WHO, EPA and the Dutch Health Council. When the observed 
associations are interpreted as responses to air pollution, the responses 
during the summer studies would be rated as mild. This has to be qualified, 
considering the persistence of the effect and the possibility of chronic 
effects. The associations observed during the winter studies in healthy 
children can be rated as mild. However, because in addition to PEF, medication 
use and acute respiratory symptoms were associated with air pollution in 
the winter study in children with chronic respiratory symptoms that response 
can be rated as moderate. The findings of the present study in combination 
with other recent studies in relation to present air quality standards 




In hoofdstuk 1 worden de achtergronden van het onderzoek geschetst. 
Na eenkort historisch overzicht, worden een aantal thema's van de luchtver-
ontreinigingsepidemiologie besproken, die voor de opzet van dit onderzoek 
belangrijk waren. Vervolgens wordt nader ingegaan op de waargenomen concentra-
ties van luchtverontreinigende stoffen en de daarmee verbonden gezondheids-
effecten tijdens episoden in het verleden inNederland. Tenslotte worden de 
doelstellingen van het onderzoek besproken. Het doel van het onderzoek was 
het evalueren van de acute ef f ecten van episoden van verhoogde luchtveront-
reiniging op de luchtwegen van kinderen. Een tweede doelstelling was het 
nagaan van eventuele verschillen tussen kinderen in reactie op verhoogde 
luchtverontreiniging. Een derde doelstelling was het nagaan van de rol 
van specif ieke stof fen bij acute eff ecten van episoden van verhoogde lucht-
verontreiniging. 
Hoofdstuk 2 bevat een literatuuroverzicht van een aantal belangrijke 
epidemiologische en experimentele studies naar de acute effecten van lucht-
verontreinigende stoffen. 
In hoofdstuk 3 worden opzet, methodieken en populatie van het onderzoek 
beschreven. Het onderzoek is te karakteriseren als een epidemiologisch 
onderzoek, waarbij herhaalde waarnemingen bij hetzelfde individu zijnuit-
gevoerd. De blootstelling aan luchtverontreiniging is gekarakteriseerd 
met behulp van de concentratie van een aantal stoffen gemeten op vaste 
meetpunten in de buitenlucht. In aanvulling op de veel gebruikte, routine 
matig gemeten stoffen S02, N02, 03 en zwarte rook, zijn metingen verricht 
naar een specifieke deeltjesfractie van het aerosol (PM10) en de chemische 
samenstelling van fijn stof (sulfaat, nitraat, ammonium en sterk zuur). 
Effecten op de gezondheid zijn gekarakteriseerd met behulp van meting van 
de longfunctie via spirometrie en het optreden van acute luchtwegklachten 
via een dagboek dat door de ouders werd ingevuld. Van elk kind is op tussen 
de 6 en 10 tevoren vastgestelde dagen de longfunctie bepaald. Tijdens episoden 
zijn extra longfunctiemetingen verricht. Gedurende 3.5 jaar zijn van 1851 
kinderen gegevens verzameld. Het verband van de concentratie van een lucht-
verontreinigende stof met de longfunctie en het optreden van acute luchtweg-
klachten is onderzocht door middel van respectievelijk individuele lineaire 
regressie-analyse en tijdreeksanalyse. 
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In hoofdstuk 4 worden de resultaten van de luchtverontreinigingsmetingen 
beschreven. Vanaf oktober 1987 tot april 1990 zijn op 8 plaatsen in Nederland 
metingen naar met name het gehalte atmosferlsch zuur verricht (inclusief 4 
meetpunten van het RIVM) . De metingen zijn verricht met behulp van zogenaamde 
Annular Denuder Filter Pack Systems. Daarnaast zijn op een locatie metingen 
met een continue zwavelzuur monitor verricht. In de studieperiode zijn 
geenhoge concentraties zuur aerosol aangetroffen. De hoogste daggemiddelde 
waarde was 8.1 /ig/m3. Hoge ammoniak concentraties zijn gemeten in een regio 
met veel intensieve veehouderij . Opmerkelijke hoge concentraties gasvormig 
salpeterigzuur zijn gemeten (tot 20 /^ g/m3) , vooral op door gemotoriseerd 
verkeer beinvloedde locaties. Voor de aerosolcomponenten sulfaat, nitraat 
en ammonium werd een geringe ruimtelijke variatie aangetroffen. Voor de 
gasvormige componenten salpeterigzuur, salpeterzuur en vooral ammoniak 
werd een grotere ruimtelijke variatie gevonden. 
In hoofdstuk 5 worden trends in de tijd van de longfunctie onafhankelijk 
van luchtverontreiniging besproken. Gedurende de meetperiode nam de PEF 
van de kinderen sterker toe dan op grond van longgroei verwacht mocht worden. 
De andere longfunctie variabelen (FVC, FEVX 0 en MMEF) namen minder toe 
dan verwacht. Voor FVC en FEVX 0 werden een niet-lineair patroon in de tijd 
gevonden, voor PEF en MMEF bij benadering een lineair patroon. Deze patronen 
in de tijd kunnen de werkelijke relatie tussen expositie en longfunctie 
verstoren. In de analyse van herhaalde longfunctiemetingen zal hieraan 
aandacht besteed moeten worden. Een mogelijke verklaring voor de waargenomen 
tijdspatronen is een leereffect van de PEF en het verschijnsel "negative 
effort dependence". 
In hoofdstuk 6 wordt het verband tussen het optreden van fotochemische 
luchtverontreiniglngsepisoden in de lente en zomer van 1989 en de longfunctie 
van kinderen besproken. De maximum uurwaarde van een dag was regelmatig 
hoger dan 160 /zg/m3, maar het niveau van 240 Mg/m3 (de Nederlandse grens-
waarde) werdnooit overschreden. Er werd een statistisch significant negatief 
verband tussen de ozon concentratie van de vorige dag en de vier beschouwde 
longfunctievariabelen gevonden. De berekende groepsgemiddelde regressiecoeffi-
cient voorspelt bij een verandering van de ozonconcentratie van 240 /ig/m3 
een afname van 2% voor de FVC tot 9% voor de PEF. Er bleken systematische 
verschillen in respons op luchtverontreiniging te zijn tussen de kinderen. 
Kinderen met chronische luchtwegklachten bleken geen sterkere respons op 
verontreiniging te vertonen dan de kinderen zonder deze symptomen. 
228 
In hoofdstuk 7 wordt ingegaan op het verband tussen het optreden van 
fotochemische luchtverontreinigingsepisoden in de zomer van 1989 en het 
voorkomen van acute luchtwegklachten bij kinderen. Er bleek geen verband 
tussen de concentratie van de stoffen ozon, sulfaat, nitraat en PM10 met 
de dagelijkse incidentie en prevalentie van acute luchtwegklachten te zijn. 
De bevinding van een negatieve associatie van ozon met de longfunctle, 
maar niet met symptomen, is in overeenstemming met eerdere klinische en 
epidemiologische onderzoeken bij kinderen, maar zou ook een gevolg kunnen 
zijn van beperkte gevoeligheid van de dagboekmethode. 
In hoofdstuk 8 worden de resultaten van het onderzoek naar de effecten 
van blootstelling aan fotochemische luchtverontreiniging tijdens sport-
trainingen op de Peak Flow van kinderen besproken. Met Mini Wright meters 
is voor en na de training de Peak Flow van de kinderen bepaald. Met behulp 
van individuele regressie-analyse, is het verband tussen het Peak Flow 
verschil over de training en de ozonconcentratie tijdens de training nagegaan. 
Ook is het verband tussen de Peak Flow na de training en de maximum ozon 
concentratie van de dag zelf en de vorige dag nagegaan. De ozonconcentratie 
tijdens de training hing niet samen met het Peak Flow verschil over de 
training. De Peak Flow waarden gemeten na de training bleken positief te 
correleren met de omgevingstemperatuur. Vanwege de hoge correlatie tussen 
de ozonconcentratie en de temperatuur, was het daarom niet goed mogelijk 
effecten van de ozon concentratie van dezelfde dag na te gaan. Correctie 
was wel mogelijk in de analyse van associaties met de maximum ozonconcentratie 
van de vorige dag, omdat de correlatie met de temperatuur tijdens de test 
lager was. Na correctie voor temperatuur was er een geringe, juist signifi-
cante associatie tussen de maximum ozonconcentratie van de vorige dag en 
de Peak Flow na de training. 
Hoofdstuk 9 behandelt het verband tussen luchtverontreiniging in de 
winters van 1987/88, 1988/89 en 1989/90 en de longfunctle en acute lucht-
wegsymptomen van kinderen. Er bleek een zwakke negatieve associatie tussen 
de concentratie van N02, PM10, sulfaat, nitraat en HONO en de longfunctie 
van de kinderen. De S02 concentratie was niet geassocieerd met de longfunctie. 
Kinderen met chronische luchtwegklachten bleken geen sterkere respons te 
hebben. Wel bleken er geringe verschillen in respons tussen individuele 
kinderen. De dagelijkse incidentie en prevalentie van acute luchtwegsymptomen 
van de kinderen bleek niet samen te hangen met de concentratie van een der 
genoemde luchtverontreinigende stoffen. 
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Hoofdstuk 10 beschrijft de samenhang tussen luchtverontreinlging in 
de winter van 1990/91 en longfunctie en acute luchtwegsymptomen van een 
populatie van 112 kinderen van 7 tot 11 jaar. Van deze kinderen is op 7 
dagen de longfunctie bepaald, waaronder een dag tijdens een episode in 
februari 1991. Tijdens de episode waren de maximale daggemiddelde S02 en 
PM10 concentratie 104 en 174 /ig/m3. Tijdens de episode waren FVC, FEVj 0 
en MMEF significant lager dan tijdens basismetingen. Er bleek een significant 
negatieve associatie te zijn tussen de longfunctie en de concentratie van 
S02, PM10 en zwarte rook. Er bleken geringe verschillen in respons tussen 
individuele kinderen te zijn. Het optredenvan acute luchtwegklachten bleek 
niet samen te hangen met de concentratie van een der genoemde stoffen. 
In hoofdstuk 11 wordt de associatie van luchtverontreinlging in de 
winter van 1990/91 en respiratoire gezondheid van een panel van 73 kinderen 
met chronische luchtwegklachten beschreven. De Peak Flow werd twee maal 
dagelijks gemeten met behulp van Mini Wright meters. In een dagboek noteerden 
de ouders van de kinderen het voorkomen van luchtwegsymptomen en medicijn-
gebruik. Na correctie voor de verstorende invloed van de omgevingstemperatuur, 
was er een geringe negatieve associatie tussen de Peak Flow en de concentratie 
van S02, PM10 en zwarte rook. Bovendien bleek de concentratie van S02, PM10 
en zwarte rook een positieve samenhang te vertonen met de prevalentie van 
een piepende ademhaling en het gebruik van bronchus verwijdende medicijnen. 
Hoofdstuk 12 bevat de algemene discussie. Na een samenvatting van de 
belangrijkste bevindingen, wordt de invloed van een aantal potentiele bronnen 
van vertekening van het verband tussen expositie en effect nagegaan. Vermoede-
lijk zijn onzekerheden in de meting van de expositie de belangrijkste bron 
van vertekening. Tenslotte wordt de betekenis van de bevindingen besproken 
aan de hand van een vergelijking van de gevonden effecten met schema's voor 
de beoordeling van de ernst van effecten, zoals onlangs voorgesteld door de 
WHO en de Gezondheidsraad. De bevindingen bij gezonde kinderen in de zomer 
kunnen als een milde respons worden beschouwd, hoewel de persistentie van 
het effect en de mogelijkheid van chronische effecten door herhaalde bloot-
stelling aan verhoogde ozonconcentraties een kwalificatie van een matige 
respons rechtvaardigen. De bevindingen bij gezonde kinderen in de winter 
kunnen als een milde respons worden beschouwd. De bevindingen bij kinderen 
met chronische luchtwegklachten tijdens de winter kunnen als een matige 
respons worden beschouwd. De betekenis van de bevindingen voor normstelling 
worden besproken. De bevindingen van deze en andere recente studies onder-
steunen de lage grenswaarden, die door de WHO in 1987 zijn voorgesteld. 
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APPENDIX 1 

























annular denuder filter pack system 
American Thoracic Society 
Black Smoke, a measure of particulate matter 
adjustment of measured pulmonary function values to body temperature 
and saturated with water vapor 
carbon monoxide 
coefficient of variation (relative standard deviation) 
50% cutoff aerodynamic diameter: particles of 10 /im are sampled 
with 50% efficiency 
European Community for Coal and Steel 
Forced Vital Capacity, maximal volume that can be exhaled during 
a forced expiratory maneuver after a maximal inhalation (liter) 
Forced Expiratory Volume in one second, volume that can be exhaled 
in one second during a forced expiratory maneuver after a maximal 
inhalation (liter/sec.) 
hydronium ion. In this study the amount of strong acidity of 
airborne particles 
sulfuric acid 
nitrous acid (also denoted as HN02) 
nitric acid 
Inspiratory Vital Capacity, maximal volume that can be inhaled 
during a forced expiratory maneuver after a maximal exhalation 
(liter) 
Maximal Mid-Expiratory Flow, mean expiratory flow between 25 and 






sum of NO and N02 
nitrogen monoxide 
ozone 
oxidant as determined with the potassium iodide (KI) method 
peroxy acetyl nitrate 
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PEF Peak Flow, maximal expiratoy flow during a forced expiratory 
maneuver after a maximal inhalation 
PM10 particles with a 50% cutoff aerodynamic diameter (D50) of 10 /an: 
particles of 10 fim are sampled with 50% efficiency (smaller 
particles more, larger particles less efficient) 
PM25 particles with a 50% cutoff aerodynamic diameter (D50) of 2.5 ftm: 
particles of 2.5 fun are sampled with 50% efficiency (smaller 
particles more, larger particles less efficient) 
ppb parts per billion 
ppm parts per million 
RIVM National Institute of Public Health and Environmental Protection 
S02 sulfur dioxide 
SO*2" sulfate 
TSP Total Suspended Particulate matter 
VOC volatile organic compounds 




GEBRUIKSAANWIJZING BIJ GEZONDHEIDSDAGBOEK 
Bewaar het gezondhetdsdagboek op een in het oog springende plaats, waar 
u het dagelijks ziet. Vul elke dap op een vast tijdstip, bijvoorbeeld voor 
of na het avondeten, het dagboek in. Het dagboek heeft de vorm van een 
kalender met twee weken per vel. Elke klacht heeft een lettercode gekregen 
(zie formulier) . Heeft uw kind op een dag een of meer van de klachten uit 
de lijst, vul dan de daarbij horende letter in op die dag. Zet daarachter 
een "-" (min-teken) als de klacht minder erg is dan op de vorige dag; zet 
achter de letter een "=" (is gelijk-teken) als de klacht net zo erg is 
als de vorige dag; zet achter de letter een "+" (plus-teken) als de klacht 
erger is dan op de vorige dag. Op de eerste dag dat een klacht optreedt 
moet dus altijd een "+" worden ingevuld achter de letter die bij de klacht 
hoort. 
VOORBEELD 
Van 1 tot en met 5 September is uw kind gezond of heeft geen van de klachten 
die in de lijst genoemd worden. U vult een "X" in de vakjes behorend bij 
1,2,3,4 en 5 September. Op 6 September krij gt uw kind last van een loopneus, 
die op de dag daarna nog erger wordt, op 8 September minder erg wordt en 
tenslotte op 9 September is de klacht weer verdwenen. Bovendien begint 
uw kind op 8 September te hoesten, dit blijft twee dagen even erg, wordt 
dan een dag later minder en verdwijnt op 12 September. 
U vult in: 

















De rest van de maand heeft uw kind geen klachten en vult u overal een "X" 
in. Het dagboek voor de eerste helft van de maand September zal er dan 
in dit voorbeeld uitzien als op de volgende pagina. 
Op de laatste pagina van het gezondheidsdagboek vindt u een korte omschriiving 
van de klachten. Vooral in het begin kan u dat misschien helpen bij het 
invullen. Indien uw kind medicijnen heeft gebruikt, ziek thuis is geweest 
of een arts heeft bezocht, noteert u dan bij OPMERKINGEN voor welke klachten 
dit is gebeurd. 
U hoef t het dagboek alleen in te vullen vanaf de datum waarop u het dagboek 
heeft ontvangen. Heeft u het dagboek op 25 oktober ontvangen, dan vult 
op het dagboekvel EIND OKTOBER alleen 25 tot en met 31 oktober in. 
Het is de bedoeling dat u een volledig ingevuld dagboekvel zo spoedig mogelijk 
aan uw kind meegeef t naar school. Elke twee weken levert u dus een dagboekvel 
in. 
Mocht u over het invullen van deze dagboeken nog vragen hebben, dan kunt 
u altijd bellen naar : 
Gerard Hoek telefoon 08370-82615 
Bert Brunekreef telefoon 08370-83305 
Peter Hofschreuder telefoon 08370-82104 
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TOELICHTING OP KLACHTEN 
CODE OMSCHRIJVING 
A. Droge keel en/of heesheld: schorre keel, gevoel dat er lets In 
de keel zit, hese stem, "kikker in de keel" 
B. Hoesten: (zonder opgeven van slijm) regelmatig of aanhoudend hoesten, 
of hoestbui bij opstaan, of blj naar bulten gaan (een enkel kuchje 
nlet meetellen) 
C. Opgeven/hoesten van sllim: opgeven/hoesten van slijm vanuit de longen 
of luchtpijp 
D. Plepende ademhallng: "piepen op de borst" , fluitend of plepend geluid 
vanuit de borst 
E. Verstopte neus/loopneus: slijm of waterige vloed uit de neus, al 
of niet met jeukende neus, kind kan moeilijk/niet door neus ademen 
F. Keelpijn: pijnlijke en ontstoken keel, gevoeligheid bij slikken 
G. Kortademigheid: oppervlakkige, gejaagde ademhallng bij geringe 
inspanning zoals bij buitenspelen met leeftijdsgenoten of oplopen 
van een trap 
H. Benauwdheid: gevoel van ademnood in rust, al of niet met pijnlijk, 
beklemmend gevoel op de borst 
I. Prikkelende/rode ogen: gevoel van pijn. kriebel, jeuk, branderigheid 
of prikkeling van de oogslijmvliezen, tranende ogen, rode ogen 
J. Veel niezen: regelmatig of aanhoudend niezen, of niesbuien 
K. Oorpiin/loopoor: oorpijn of oorontsteking, loopoor, vloeistof uit 
oor 
L. Hoofdpiin: hoofdpijn 
M. Misseliikheid/buikpiin: pijn in maag- of buikstreek, gevoel te moeten 
overgeven, al of niet met diarree of overgeven 
N. Koorts: met thermometer vastgestelde temperatuurverhoging of koorts 
(meer dan 37.5 graden Celsius) 
0. Mediciingebruik: gebruik van medicijnen. Noteer bij OPMERKINGEN 
voor welke klachten dit was 
P. Ziek thuis: thuis houden van school wegens ziekte: indien vrij van 
school ook het binnenhouden van het kind wegens ziekte. Noteer bij 
OPMERKINGEN voor welke klachten dit was. 
R. Arts/ziekenhuis bezoek: bezoek van huisarts, specialist of polikliniek 
of opname in ziekenhuis. Noteer bij OPMERKINGEN voor welke klachten 
dit was 
S. Bui ten regio: kind is grootste deel van de dag meer dan 50 kilometer 
van de woonplaats verwijderd; indien ingevuld graag bij opmerkingen 
vermelden in welk deel van het land bijvoorbeeld West-Brabant 
X. Gezond/geen van deze klachten: gezond/geen van deze klachten 
234 
GEZONDHEIDSDAGBOEK 
Als uw kind een of meer van de volgende klachten heeft gehad, vul dan de 
letter behorend bij de klacht en de code behorend bij de ernst van de klacht 
in op de betreffende dag. Als er geen klachten waren een "X" invullen. 
Bij de klachten A t/m 0 hoort een code: - minder erg dan gisteren 
- net zo erg als gisteren 











Droge keel / heesheid 
Hoesten 
Opgeven/hoesten van slljm 
Piepende ademhaling 




Prikkelende / rode ogen 
Veel niezen 
- - + 
- - + 
. = + 
- - + 
- - + 
- = + 
- = + 
- = + 
- = + 










Oorpijn / loopoor - - + 
Hoofdpijn - - + 
Misselijkheid/buikpijn - - + 
Koorts - - + 
Medicijngebruik - - + 
Ziek thuls 
Arts / ziekenhuis bezoek 
Buiten regio 
Gezond / geen van deze klachten 

























VERGEET U NIET EEN VOLLEDIG INGEVULD FORMULIER MEE TE GEVEN NAAR SCHOOL 
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